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April 2,2014

Ms. Sharon Angove

U.S. Environmental Protection Agency, Region 6
1445 Ross Avenue

Suite 1200 Mail Code: 6EN

Dallas, TX 75202-2733

Dear Ms. Angove:
Industry-Wide Cooling Water Intake Structure Entrainment Monitoring Study

I have enclosed two hard copies of the report from the Industry Wide Cooling Water
Intake Structure (CWIS) Entrainment Monitoring Study. I will send an electronic copy to
you by email.

The corporate signatures you requested have been incorporated into Attachment 1 of the
enclosed document.

As we have discussed, the participants in this study would welcome the opportunity to
arrange a meeting in Dallas with EPA Region 6 staff so that the study’s science team can
discuss their analyses and answer any questions about the study that might arise from
your review of this report. I will contact you to discuss scheduling such a meeting.

Sincerely,

Joseph P. Smith

Chair, Cooling Water Intake Structure
Steering Group

¢: Isaac Chen
Entrainment Monitoring Study Participants
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March 24, 2014

Ms. Sharon Angove

U.S. Environmental Protection Agency, Region 6
1445 Ross Avenue

Suite 1200 Mail Code: 6EN

Dallas, TX 75202-2733

Dear Ms. Angove:
Industry-Wide Cooling Water Intake Structure Entrainment Monitoring Study

The participants in the Industry Wide Cooling Water Intake Structure (CWIS)
Entrainment Monitoring Study (EMS; Attachment 1) are pleased to submit the enclosed
report, entitled “Gulf of Mexico Cooling Water Intake Structure Entrainment Monitoring
Study”, in fulfillment of their requirements for entrainment monitoring under NPDES
Permit GMG290000 (the Permit).

The EMS was carried out in accordance with a plan approved by U.S. Environmental
Protection Agency (EPA) Region 6. It involved sampling of the ambient water close to
four Gulf of Mexico facilities selected as surrogates for facilities with CWIS subject to
the requirements of the Permit. The study report provides data for a simple enumeration
of entrained organisms, as required by the Permit.

Additional analyses presented in the report support several important conclusions.

e The EMS data confirmed the finding of the industry wide Source Water
Biological Baseline Characterization Study, previously submitted to EPA Region
6, that the entrainment of ichthyoplankton by CWIS at offshore facilities will not
have a noticeable or biologically significant impact on fisheries.

e The concentrations of eggs and larvae decrease markedly with depth below the
sea surface, making intake depth a potential mitigator of entrainment losses.

o Data collected on an ongoing basis by the state/federal/university Southeast Area
Monitoring and Assessment Program (SEAMAP) provide an adequate basis for
the estimation of entrainment losses. The SEAMAP data is updated over time to
maintain currency and will provide a basis for any future assessments of
entrainment losses.



The strategy of sampling the water column around surrogate facilities instead of
withdrawing samples from facility cooling water systems was adopted to enable the study
to address the effect of intake depth on potential entrainment and to avoid possible
undercounting of entrained organisms due to damage by facility pumps. To address the
concern that the location of CWIS directly undemeath facilities might enhance potential
entrainment, the participants commissioned a modeling study (Attachment 2) of the flow
field around a simple caisson intake meeting the Permit face velocity limitation of 0.5

ft/s. The results of this study showed that the disturbance of the local flow field by the
intake was restricied to within 1 pipe diameter of the intake. As a result, CWIS do not
preferentially entrain organisms from the larger water column underneath facilities.
Rather, organisms entrained by CWIS are those that drift past the facility and the
concentrations of these organisms in the ambient water column, as determined by the
EMS, are representative of the concentrations of entrained organisms.

The EMS participants believe that the EMS presents important new information that was
not available at the time of issuance of the current Permit. 1t demonstrates that the
entrainment of ichthyoplankton by CWIS at offshore facilities will not have a
biologically significant effect and that there is an existing and effective altemative to
ongoing monitoring at specific facilities to support filture estimates of entrainment. As a
result, we believe that the results of this study warrant a reconsideration of the current
requirement for quarterly monitoring of entrainment at facilities with regulated CWIS.

As we have discussed, the study participants would welcome the opportunity to arrange a
meeting in Dallas with EPA Region 6 staff so that the EMS science team can discuss
their analyses and conclusions and answer any questions about the study that might arise
from your review of this report.

Sincerely,

seph P. Smith

Chair, Cooling Water Intake Structure
Steering Group

c: Isaac Chen
Entrainment Monitoring Study Participants




Attachment 1
Participants in the Industry-Wide Entrainment Monitoring Study
The following companies participated in the Industry-Wide Entrainment Monitoring Study.

¢ Anadarko Petroleum Corporation

¢ Bennu Oil and Gas, LL.C

e BP Exploration and Production

e Chevron U.S.A. Incorporated

» ExxonMobil Corporation

s Hess Corporation

¢ Murphy Exploration and Production Company, USA

Letters from cach participant confirming that the report, entitled “Gulf of Mexico Cooling Water
Intake Structure Entrainment Monitoring Study” is being submitted in fulfillment of their
requirement for 24 months of bimonthly entrainment monitoting under National Pollutant
Discharge Elimination System Permit GMG290000 are provided on the following pages.



ANADARKO PETROLEUM CORPORATION 1201 LAKE ROBBINS DRIVE + THE WOODLANDS, TEXAS 77380

P.O. Box 1330 + HousTON, TEXAS 77251-1330

adarkp’

Petroleum Corporation

Ms. Sharon Angove

U.S. Environmental Protection Agency, Region 6
1445 Ross Avenue

Suite 1200 Mail Code: 6EN

Dallas, TX 75202-2733

Dear Ms. Angove:
Industry-Wide Cooling Water Intake Structure Entrainment Monitoring Study

This letter confirms that our company is submitting the report, entitled “Gulf of Mexico
Cooling Water Intake Structure Entrainment Monitoring Study”, as transmitted to you in
a letter from Joseph P. Smith dated March 24, 2014, in fulfillment of our requirement for
24 months of bimonthly entrainment monitoring under National Pollutant Discharge
Elimination System Permit GMG290000,

Sincerely,
P e s—
Signature
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Ms. Sharon Angove

U.S. Environmental Protection Agency, Region 6
1445 Ross Avenue

Suite 1200 Mail Code: 6EN

Dallas, TX 75202-2733

Dear Ms. Angove:
Industry-Wide Cooling Water Intake Structure Entrainment Monitoring Study

This letter confirms that our company is submitting the report, entitled “Gulf of Mexico Cooling
Water Intake Structure Entrainment Monitoring Study”, as transmitted to you in a letter from
Joseph P. Smith dated March 24, 2014, in fulfillment of our requirement for 24 months of
bimonthly entrainment monitoring under National Pollutant Discharge Elimination System
Permit GMG290000.

Sincerely,

MJLKE 4 ]/J S‘ﬁAU-)

Print Name
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Date
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Ms. Sharon Angove

U.S. Environmental Protection Agency, Region 6
1445 Ross Avenue

Suite 1200 Mail Code: 6EN

Dallas, TX 75202-2733

Dear Ms. Angove:

Industry-Wide Cooling Water Intake Structure Entrainment Monitoring Study

This letter confirms that our company is submitting the report, entitled “Gulf of Mexico Cooling
Water Intake Structure Entrainment Monitoring Study”, as transmitted to you in a letter from
Joseph P. Smith dated March 24, 2014, in fulfillment of our requirement for 24 months of
bimonthly entrainment monitoring under National Pollutant Discharge Elimination System
Permit GMG290000.

Sincerel

:-S@wtur;7

Jay B. Strauss
Print Name

03/20/2014
Date

BP Exploration and Production Inc.
Company



Ms. Sharon Angove

U.S. Environmental Protection Agency, Region 6
1445 Ross Avenue

Suite 1200 Mail Code: 6EN

Dallas, TX 75202-2733

Dear Ms. Angove:

Industry-Wide Cooling Water Intake Structure Entrainment Monitoring Study
This letter confirms that our company is submitting the report, entitled “Gulf of Mexico Cooling
Water Intake Structure Entrainment Monitoring Study”, as transmitted to you in a letter from
Joseph P. Smith dated March 24, 2014, in fulfillment of our requirement for 24 months of
bimonthly entrainment monitoring under National Pollutant Discharge Elimination System

Permit GMG290000.

Sincerely,

Signature v, ( / :

J. Keith Couvillion
Assistant Secretary
Print Name

March 25, 2014
Date

Chevron U.S.A. Inc.
Company




Ms. Sharon Angove

U.S. Environmental Protection Agency, Region 6
1445 Ross Avenue

Suite 1200 Mail Code: 6EN

Dallas, TX 75202-2733

Dear Ms. Angove:

Industry-Wide Cooling Water Intake Structure Entrainment Monitoring Study
This letter confirms that our company is submitting the report, entitled “Gulf of Mexico Cooling
Water Intake Structure Entrainment Monitoring Study”, as transmitted to you in a letter from
Joseph P. Smith dated March 24, 2014, in fulfillment of our requirement for 24 months of
bimonthly entrainment monitoring under National Pollutant Discharge Elimination System

Permit GMG290000.

Sincerely,

e et

Signature

Kevin Dillow

Print Name

March 24, 2014

Date

ExxonMobil Production Company

Company




Ms. Sharon Angove

U.S. Environmental Protection Agency, Region 6
1445 Ross Avenue

Suite 1200 Mail Code: 6EN

Dallas, TX 75202-2733

Dear Ms, Angove:

Industry-Wide Cooling Water Intake Structure Entrainment Monitoring Study
This letter confirms that our company is submitting the report, entitled “Gulf of Mexico Cooling
Water Intake Structure Entrainment Monitoring Study®, as transmitted to you in a letter from
Joseph P. Smith dated March 24, 2014, in fulfillment of our requirement for 24 months of

bimonthly enirainment monitoring under National Pollutant Discharge Elimination System
Permit GMG290000.

Sincerel

Signature

Kiran Srinivasan

Print Name

March 24, 2014

Date

Hess Corporation

Company




Ms. Sharon Angove

U.S. Environimental Protection Agency, Region 6
1445 Ross Avenue

Suite 1200 Mail Code: 6EN

Dallas, TX 75202-2733

Dear Ms. Angove:
Industry-Wide Cooling Water Intake Structure Entrainment Monitoring Study

This fetter confirms that our company is submitting the report, entitled “Guif of Mexico Cooling
Water Intake Structure Entrainment Monitoring Study™, as transmitted to you in a letfer from
Joseph P. Smith dated March 24, 2014, in fulfillment of our requirement for 24 months of
bimenthly enfrainment monitoring under National Pollutant Discharge Elimination System
Permit GMG290000.

Sincerely,
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Attachment 2

Computational Fluid Dynamics Modeling of a Simple Caisson Intake



ALDEN

February 6, 2014

Joe Smith

ExxonMobil Upstream Research Co
P.O. Box 2189
Houston TX 77252-2189

Computational Fluid Dynamics Modeling of a Simple Caisson Intake
Dear Joe Smith,

We are pleased to present findings from the requested Computational Fluid Dynamics (CFD)
modeling of a caisson intake. Included herein are results and brief descriptions of the project

background and modeling approach.

Executive Summary

This report describes the results of a numerical simulation of the flow field around a generic
cooling water intake structure. The simulation was carried out to visualize the extent of the
water column near the intake that is influenced by the flow of water towards the intake and
where the fish eggs and larvae that are present may be subject to entrainment. The numerical
simulation addressed the intake of 5 million gallons per day at the maximum permitted intake
face velocity of 0.5 ft/s. The simulation addressed an intake consisting of a single cylindrical
pipe of diameter 53 inches pointed vertically downward in an ambient current of 0.1 m/s. It was
assumed that there were no other intakes or structural members close to the intake of interest.
Results of the simulation showed that the region where the 5 MGD flow creates a vertical
velocity greater than 0.05 ft/s extends less than 1 pipe diameter below the intake mouth. As a
result, only eggs and larvae that happen to pass by the intake within a small distance of the intake

mouth are subject to entrainment.

ALDEN Research Laboratory, Inc. 508-829-6000/phone - 508-829-5939/fax
30 Shrewsbury Street, Holden, Massachusetts 01520-1843 info@aldenlab.com « www.aldenlab.com



Introduction

A group of Offshore Operators Committee member companies have participated in an
entrainment monitoring study where ambient water was collected around offshore platforms to
determine the number of eggs and larvae in the water in order to estimate the number of eggs and
larvae that would be entrained in cooling water intake structures (CWIS) . This study was carried out
to mect the participants’ requirements for CWIS entrainment monitoring under National Pollutant
Discharge Elimination System permit GMG290000 (EPA, 2012). Ambient water was sampled for
this study instead of water actually drawn into an intake for reasons of operational practicality and to
allow the study results to be applicable to the analysis of entrainment by intakes at various depths
below the sea surface. Since eggs and larvae have little or no swimming ability, it is postulated that
they cannot maintain station under an offshore platform. As a result, it is believed that egg and
larvae concentrations in ambient water are representative of concentrations that would be entrained
by intakes. However, it is recognized that adult fish are attracted to offshore platforms where eggs
and larvae they generate may be subject to entrainment by nearby intakes. To assess the volume of
water around an intake that is influenced by flow of water towards the intake, the participants in the
Entrainment Monitoring Study commissioned this study, the objective of which is to compute and
visualize the zone of influence of water intakes with a face velocity meeting existing EPA

requirements.

Approach

This study evaluates the flow field around an intake with a flow rate of 5.0 million gallons per
day and a face velocity equal to 0.5 ft/s. The resulting intake diameter is 53 inches. It is
assumed that the intake face is in a horizontal plane (downward facing) and subject to a 0.328
ft/s (0.1 m/s) cross current. The current speed is suggested by EPA’s generic current speed

assumption for produced water outfalls in the Gulf of Mexico.

FLOW-3D was used for this modeling effort. FLOW-3D is a three-dimensional Reynolds
Averaged Navier-Stokes (RANS) model and uses various models for the creation, transport and
dissipation of turbulent kinetic energy. The meshing topology in FLOW-3D is structured and the
mesh near solid obstacles, such as the infake, is modeled with the Fractional Area/Volume

Obstacle Representation (FAVOR) method. The FAVOR method allows complex shapes to be



simulated without resorting to “stair stepping’ the boundaries and approaches the accuracy of
more computationally intensive boundary fitted grids. FLOW-3D is used extensively for a wide
range of CFD applications. The suitability of FLOW-3D to model water intake structures was
evaluated by EPRI (2004).

A single intake in a large rectangular domain was modeled. The model does not include the
support platform or nearby intakes. The model domain is comprised of two mesh regions; the
intake pipe and the fluid region around the intake. The plan view of the model domain is shown
in Figure 1 and the axial view is shown in Figure 2. The fluid region around the intake extends 5
intake diameters (22 ft) upstream from the intake, 10 intake diameters (44 ft) downstream from
the intake, and 5 intake diameters (22 ft) laterally from the intake. The domain is 7 intake
diameters tall (31 ft). Upstream of the intake a velocity boundary is specified and downstream of
the intake an outlet pressure boundary is specified. The lateral and vertical boundaries are
specified as symmetry boundaries, which simulate an infinitely wide domain. The length of the
intake pipe region is 10 pipe diameters long to ensure the specified velocity at the model
boundary does not affect flow patterns at the pipe face. The intake pipe projects downward into
the fluid region by 3 intake diameters (13 ft), leaving 4 intake diameters between the bottom of
the intake the bottom symmetry boundary. The pipe outflow boundary is specified as a pressure
boundary with a constant volume flow rate. The cell size in the model ranges from 1.8 inches

near the intake to 6 inches in the far-field. The total cell count is 3.4 million cells.

Turbulence effects were modeled with the Renormalized Group (RNG) k-€ model. Temporal
and spatial first-order numerical schemes were used to compute the flow. The model was

deemed converged when velocity fluctuations in the wake of the intake ceased.

The model was not validated with field measurements. However, due to the relatively simple
model setup Alden is confident that the model is able to predict the approximate zone of

influence around the intake opening.
To determine the zone of influence of the intake, two conditions were modeled:

1) with the intake operating, and
2) with the intake idle.




The difference between the two velocity fields is considered the differential velocity field and is

used to distinguish the zone of influence.
Results

Enclosed are five flow field plots to show the velocity field near the intake. The direction of the
current is considered the axial direction and the horizontal cross-current direction is considered
the lateral direction. The axial cross-section of the velocity field through the center of the intake

with the intake idle is shown in Figure 3 and with the intake operating in Figure 4.

An axial cross-section of the differential velocity field through the center of the intake is shown
in Figure 5 and a lateral cross-section is shown in Figure 6. The differential velocity through the

axial intake centerline is plotted in Figure 7 to show the vertical extents of the zone of influence.

Model results show that the water velocity towards the intake decreases rapidly with increasing
distance from the intake, reaching 0.05 ft/s within 1 pipe diameters of the intake mouth., Asa
result, nearly neutrally buoyant particles such as eggs and larvae are only subject to entrained if
they pass within a small distance of the intake. Figure 8 and 9 show a surface of constant
vertical velocity of 0.05 fi/s. The area within the surface has a vertical velocity that exceeds 0.05

ft/s.

It is noted that the wake created by an idle intake is disrupted by the operation of the intake.
This occurs because a weak upward current is induced by the intake that is sufficient to disrupt

the zero velocity wake.
Reference

EPRI (2004), “Using Computational Fluid Dynamics Techniques to Define the Hydraulic Zone
of Influence of Cooling Water Intake Structures” Product ID 1005528

Sincerely,

Dan Gessler, PE, PhD
Vice President
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Figure 1. Plan view of model domain showing computational grid.



Figure 2. Axial view of model domain showing computational grid.



Figure 3. Axial cross-section of total velocity through the center of the intake. Intake is idle.
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Figure 4. Axial cross-section of total velocity through the center of the intake. Intake is operating.




Figure S. Axial cross-section of differential velocity through the center of the intake.
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Figure 6. Lateral cross-section of differential velocity through the center of the intake.
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Figure 7. Differential velocity through intake centerline.
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Figure 8: Surface of constant vertical velocity of 0.05 ft/s.
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Figure 9: Surface of constant vertical velocity of 0.05 ft/s, viewed from front.
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EXECUTIVE SUMMARY

This report presents results of a joint industry Entrainment Monitoring Study (EMS) carried out
to meet the study participant's requirements for entrainment monitoring under National Pollutant
Discharge Elimination System (NPDES) permit GMG290000. An important issue related to the
impacts of cooling water intake structures (CWIS) is entrainment of ichthyoplankton (fish eggs
and larvae). Under the Clean Water Act Section 316(b) Phase Ill regulations, the NPDES
permit for the Western and Central portions of the Guif of Mexico requires operators of new
facilities with CWIS taking in more than 2 million gallons of seawater per day with more than
25% of that used for cooling water to

* undertake source water biological baseline surveys;
 conduct frequent visual or remote inspections of CWIS: and
» for some facilities, conduct EMSs.

The permit provides operators with the choice of conducting individual site-specific studies to
meet the requirements or participating in joint industry studies conducted under plans approved
by the U.S. Environmental Protection Agency (USEPA).

The three objectives of the CWIS EMS were as foliows:

1. Provide the data and analyses necessary to estimate ichthyoplankton densities around
seawater intakes in order to meet permit requirements for enumeration of entrained
organisms, quantify the magnitude of potential entrainment loss, and place this potential
impact in proper ecological perspective;

2. Estimate the effects of depth, time of day, and seasonal variation {(defined by sampling
month) on ichthyoplankton densities to assist with the design of mitigation measures should
they be needed and preclude unnecessary sampling during times when fish egg and larval
densities may be low enough to surmise entrainment is nominal; and

3. Assess the usefulness of the SEAMAP database for the estimation of entrainment losses.

Four platforms (sampling sites) in the Gulf of Mexico were sampled during a 2-year period

(23 January 2011 to 24 January 2013). During individual surveys, sampling at each study site
consisted of vertically stratified ichthyoplankton collections taken from the ambient water column
at dawn, midday, and dusk using a 1-m? multiple opening/closing net and environmental
sensing system (MOCNESS). Each tow with the MOCNESS provided one plankton sample for
each of three depth ranges: 0 to 100 m, 100 to 200 m, and 200 to 300 m. Fish eggs and larvae
collected in these samples were counted and larvae were identified to the lowest practicable
identification level.

Representatives of 164 fish families (and higher order taxa if family could not be determined)
were taken in the MOCNESS collections. The family Myctophidae (lanternfishes) was the most
abundant family with the 20,804 specimens accounting for 34% of the total collection of

60,376 fish larvae. The second and third most abundant families were Sternoptychidae
{hatchetfishes) and Bregmacerotidae (codlets) represented by 7,713 and 4,508 specimens,
respectively. Collectively, these three taxa comprised 55% of the total collection of
ichthyoplankton. No aduit fish were collected in any tow.
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The three most important conclusions of the study were as follows:

1.

The study successfully provided information to assist development of potential measures
that could be taken if the need for mitigating the effects of entrainment is required.
Ichthyoplankton densities in the 200 to 300 m depth range were only a fraction of those
found at shallower depths, suggesting that site-specific sampling at structures with water
intakes below 200 m may not be necessary.

The findings of this study suggest that SEAMAP data provide an adequate basis for
estimating entrainment losses.

The observed sampling sites were over depths and distances offshore where
ichthyoplankton densities were a small fraction of those observed closer to shore over
the continental shelf. Relative to the daily ichthyoplankton abundances passing each
site, this level of entrainment was not biologically significant. Commercially or
recreationally important species were either not collected during 2 years of biweekly
sampling or were collected so infrequently as to preciude robust estimates of their
densities useful for modeling net impacts on the adult population. The entrainment of
ichthyoplankton by CWIS will not have a noticeable or biologically significant impact.

ES-2



TABLE OF CONTENTS

Page
LIST OF TABLES ..vvviitiitiiieereeseseasamraresassessessnsasassssessarsssessmemsesassaeemssessssnsssssesnsesesomersseens iii
LIST OF FIGURES ...iiitiisinrecressscecsesmnserstssssassecmsssssns sressssssessessnsasssesssesssssssnssesssssssssrssssens iv
LIST OF PHOTOS 1cteuecemrrnssisiasiesesessnesseseensss s ssasss e mssesssesonansssecamenss sesssessessesst ssmms seesmssmess v
LIST OF ACRONYMS AND ABBREVIATIONS ....vevuvstareimeecesseeeeeersssssssmeesesssssesssesesess sseeeeessessees Vi
EXECUTIVE SUMMARY ....curuiieiiisiescseisessscesesssasssseseses sesasssssssansss s sssessesmemesssasesssmns ES-1
1.0 INTRODUCTION......ceuittiisinrcrinsesssseesmrssessessensssis st sssessseesssmeesesessrsmssnesssnesssserssssesssneseesmens 1
1.1 BACKGROUND ...t et e 1
1.2 HISTORICAL ASSESSMENT APPROACHES. ... oo 1
1.3 PURPOSE AND OBUJECTIVES........ooo it eeeieeeeeeeeeeeeee oo 2
2.0 IMETHODS ...coettisieiecennrrssrrresneressasasasnsssamsesesstneeseeseesesmeeenes st sesesmsme e seesemse et es e s s 4
21 FIELD SAMPLING ....coooiiiititiiee ettt 4
2.0 SHUAY SIES ..ottt 4
2.1.2 Vessels and Navigation ............ccooiiioo oo 4
2.1.3 Ichthyoplankton SamPpling..........ccoooeoioeeooo oo oo 6
2.2 LABORATORY ANALYSES. ... oo e 13
2.2.1 lchthyoplankton Processing and Identification ...........oooovveoeooooo 13
2.2.2 Laboratory Quality ASSUINCE............ccooeieteeees oo 14
2.3 MODIFICATIONS TO THE SAMPLE DESIGN......coovoeoooveoeeeeeeeeeeooeoo 14
2.3.1 WEBNEI ..o e 14
2.3.2 StrKe INCIBNS ......co.t i 15
2.4 SAMPLE ARCHIVAL L ..o e 15
2.5 ANALYSIS AND ASSESSMENT METHODS .....oovimiieeeoe oo 15
2.5.1 Estimation of Entrainment LOSS .........c..coocvivoeooer oo 15
2.5.2 Cooling Water Intake Structure ANalySes............coooovieeoeoo o 16
2.5.3 Potential for using SEAMAP Data in Future Entrainment Studies ................ 19 ‘
3.0 FIELD SAMPLING RESULTS AND DATA SUMMARIES....ccctveemrmeceerseeeressesreeeeesesssssseeseeesens 24
3.1 FIELD SAMPLING-CRUISES COMPLETED ....oovoee oo 24
3.2 DATA SUMMARIES. ......ooiiii it 25
4.0 ANALYSIS AND ASSESSMENT RESULTS 1.veuecmreieemiiercssrseecemserresssesesssosssesssmsssssessssnn 28
4.1 COOLING WATER INTAKE STRUCTURE NET ANALYSIS ..o 28 {
4.1.1 Myctophidae (LanternfiShes)...........occoiiioie oo 28 .
4.1.2 Sternoptychidae (Hatchetfishes) .............ocooovoeer v 35
4.1.3 Bregmacerotidae (Coalets) .........covooiiiioe oo 35
4.1.4 Summary of Cooling Water Intake Structure Net Analysis Results................ 36
415 TOtAl LAIVAG......coo i 39
418 TOtAl EQOS oot 39 ’
4.1.7 Assemblage SHUCIUTE...............ccociiinii e, 39 5
H
| {




TABLE OF CONTENTS

(CONTINUED)
Page
4.2 DATASET COMPARISONS...... ottt re e s e e enn e an 41
4.2.1 Block Approach — Analysis Results from the Datasets Modeled
TOGENET ..o e e 44
4.2.2 Gradient Approach — Analysis Results from the Datasets Modeled
TOQEINET . e e e 44
4.3 ENTRAINMENT LOSSES ... ..ottt et 46
5.0 SUMMARY OF SIGNIFICANT FINDINGS......ccciimiinninsaisississssssscessesnssisamnssnssmmnesarmemsnsnsnrens 48
5.1 COOLING WATER INTAKE STRUCTURES NET ANALYSIS ... 48
5.2 DATASET COMPARISONS ... ..ccoiiiiiiiiiiiioie ettt r e e raca e e s e s ereseners 49
53 ENTRAINMENT LOSSES ... ..o nrarres s rseien e be e e stan e 49
6.0 LITERATURE CITED .uuutruueesiarisrnsnnssnnsranmmsssssssnmmmmssrneensnnsnnemssnnssssssssesssennssasassnsssasasssssans 51
APPENDICES ..cuuuuieinimsasssrassssisrnmmsmessssissensssssmnnssssttnsssssssssmnsssssssssssssrssenssssiimmmemsssenennsns 55
Appendix A: U.S. Environmental Protection Agency Permit Requirements...................... A-1
Appendix B: INCIdent ReporS ... B-1
Appendix C: Taxonomic SUMMAIES..........ocoiuiii e e C-1
Appendix D: SEAMAP Fish Larvae and Egg Data Analysis Method ............................... D-1
Appendix E: Summary of Total Egags and Larvae Collected ...................cocoiiiin E-1
Appendix F: Hydrographic Data SUMmMAaNes ............. et F-1
Appendix G: Family Representatives in the MOCNESS Collections........ccccoocevviinnnnen. G-1



Table

B I

LisT OF TABLES

Facility names and lease block locations of samples collected...............c.cocoev......
Incidents of striking submerged ObJECES..........ccooovvveei e
MOCNESS tows conducted from January 2011 through January 2013................

Number of MOCNESS tows by year, station, net, month, and time of day
used inthe CWIS Net ANalysis.............cocooviiieee e

Number of tows used from the SEAMAP program and the CWIS monitoring
study for the Block and Gradient Approaches to compare datasets with
respect to total fish larvae and €ggs ...

Results from the generalized linear mixed model! for the Net Analysis of
MOCNESS SAMPIES ..ottt ettt

Results for the prediction analysis from the generalized linear mixed
models for the Block and Gradient Approaches to compare differences
between SEAMAP and CWIS datasets with respect to total larvae and

B0 ettt ee et e a o1t e et et et et ea et e en e een e eee s



Figure

10
1

12

13

LisT OF FIGURES

Page
Study site locations relative to fishery zones from the LGL. Ecological
Research Associates, Inc. (2009) Source Water Biological Baseline
Characterization STUUY. ..o e 5
Diagram of a multiple opening/closing net and environmental sensing
System (MOCNESS) ...t 8
Diagram of stepped-obligue towing pattern ... 7
Mean predictions of Myctophidae per cubic meter for levels of categorical
variables used in the generalized linear mixed model for the Net Analysis.............. 29
Mean predictions of total larvae per cubic meter for levels of categorical
variables used in the generalized linear mixed model for the Net Analysis............. 31
Mean predictions of total eggs per cubic meter for levels of categorical
variables used in the generalized linear mixed model for the Net Analysis............. 32

Mean predictions of Sternoptychidae per cubic meter for levels of
categorical variables used in the generalized linear mixed model for the
NEE ANAIYSIS .. cveeriit ettt 33

Mean predictions of Bregmacerotidae per cubic meter for levels of
categorical variables used in the generalized linear mixed model for the
NEE ANBIYSIS 1.1 e eeee et 34

Mean predictions of larval and egg densities by month output from the
generalized linear mixed models and standardized to a common scale by
conversion to z-scores (i.e., units of standard deviations relative to their

respective means across months [indicated by the dashed line]) ........................... 37
Nonmetric multidimensional scaling (NMDS) of samples (i.e., net-tow
combinations) based on densities of larval fish families..................... 38
Observed larval fish density by water depth based on SEAMAP data
(circles) and CWIS data (squares).............ccooeeee FEE TP USRS RRRSSRRRRPPO 40

Marginal mean responses of larval fish per cubic meter and eggs per cubic
meter for each level of categorical variable used in the generalized linear
mixed models for the Block and Gradient Approaches ...........cooveveieie, 43

Forecast accuracy for predictions of annual mean larval and egg densities
at the four CWIS sites using models from the two approaches
parameterized with SEAMAP dataonly ... 45



Photo

LIST OF PHOTOS

Page
Initiating a MOCNESS launch for @ toW ............oooooos oo 8
Guiding the MOCNESS to enter Water ...............cococoooovooeoooo 8
Monitoring the progress of a MOCNESS tow at the computer control
SEAHON ..o e 9
Computer screen display of tow information during a MOCNESS tow.................... 9
MOCNESS at the sea surface after a successful toW ..............ocooovivooo 10
MOCNESS back on deck after tOW...............ooeor oo 10
Rinsing net contents...............oooiiiiie e 1
Transferring sample from net cod ends into a 333-um mesh sieve......................... 11
Representative sample from a MOCNESS tOW .....oo.vvovevooeoeeeoeoooo 12
Transferring net sample from sieve into sample containers..........ooovooveo 12
Samples in labeled sample ContaiNers ................cocoooveovoeoooeeooooooo 13




AlIC
AC
CoC
CPUE
CSA
CWIS
EAM
EMS
ETOH
FHM
GB
GLMM
GPS
IT

JiP
LDWF
LGL
LNG
LPIL
MARAD
MC
MOCNESS
NMDS
NMFS
NPDES
elele
QA
QAIC
QcC
SEAMAP
SWBBCS
USCG
USEPA
VK
ZSI0P

LiST OF ACRONYMS AND ABBREVIATIONS

Akaike information Criterion
Alaminos Canyon

chain of custody

count per unit effort

CSA Ocean Sciences Inc.

cooling water intake structures
Equivalent Aduit Model

entrainment monitoring study
ethanol

Fecundity Hindcasting Model
Garden Banks

generalized linear mixed model
global positioning system
Information Theoretic

Joint Industry Project

Louisiana Department of Wildlife and Fisheries
LGL Ecological Research Associates, Inc.
liguefied natural gas

lowest practicable identification level
Maritime Administration

Mississippi Canyon

multiple opening/closing net and environmental sensing system

nonmetric multidimensional scaling

National Marine Fisheries Service

National Pollutant Discharge Elimination System
Offshore Operators Committee

quality assurance

quasi-likelihood Akaike Information Criterion

quality control

Southeast Area Monitoring and Assessment Program
Source Water Biological Baseline Characterization Study
United States Coast Guard

U.S. Environmental Protection Agency

Viosca Knoll

Sea Fisheries Institute, Plankton Sorting and Identification Center

vi



1.0 INTRODUCTION

Under the Clean Water Act Section 316(b) Phase li| regulations, the National Pollutant
Discharge Elimination System (NPDES) permit for the Western and Central Portions of the

Gulf of Mexico requires that operators of new facifities with cooiing water intake structures
(GWIS) taking in more than 2 million galions of seawater per day with more than 25% of that
used for cooling water to (1) undertake source water biological baseline surveys, (2) conduct
frequent visual or remote inspections of CWIS, and (3) for some facilities, conduct entrainment
monitoring studies (EMSs) (U.S. Environmental Protection Agency [USEPA], 2007). The permit
provided operators with the choice of either doing individual site-specific studies to meet
reguirements 1 and 3, or to participate in joint industry studies, conducted under plans approved
by the USEPA. "CWIS" will be used throughout this document to refer to facilities that would be
included in the permit due to intake volume and purpose criteria. The current study was
prepared as a Joint Industry Project (JIP) to meet the EMS requirements. Although the facilities
at the four study sites have intakes, they are not subject to entrainment requirement because
they do not meet the permit definition of a new facility. These facilities were chosen as
surrogate sites to study entrainment of ichthyoplankton. Results and conclusions regarding this
issue are intended to be representative of new facilities with regulated intakes. Appendix A
lists the USEPA requirements for which this study was designed to address.

1.1 BACKGROUND

Entrainment of ichthyoplankton is the primary issue related to impacts from seawater intakes.
A Source Water Biological Baseline Characterization Study (SWBBCS) was designed, approved
by the USEPA, and conducted as a JIP under the auspices of the Offshore Operators
Committee (OOC). In that study, LGL Ecological Research Associates, Inc. (LGL) divided the
Gulf of Mexico into 15 regions believed to be relatively homogeneous from a biological
standpoint (LGL Ecological Research Associates, Inc., 2009). Ichthyoplankton (fish eggs and
larvae) densities were then estimated for each region based on data collected from the Gulf of
Mexico for the past few decades by the Southeast Area Monitoring and Assessment Program
(SEAMAP) conducted by the National Marine Fisheries Service (NMFS). Methods for
assessment of ichthyoplankton entrainment impacts for offshore facilities are relatively recent,
having been developed for proposed offshore liquefied natural gas (LNG) facilities (see
Section 1.2; Gallaway et al., 2007). Applying these methods to the SEAMAP data and
assuming likely development scenarios provided by industry, impacts were projected to be
minimal (LGL Ecological Research Associates, Inc., 2009). The LGL (2009) study was
approved as meeting the USEPA’s SWBBCS requirements for the JIP participants on

8 October 2009.

A JIP was created to conduct an EMS to meet the monitoring requirements for companies
participating in the study. This report presents the results of the joint industry entrainment
monitoring study.

1.2 HISTORICAL ASSESSMENT APPROACHES

The issue of seawater intakes and their effects on the biologica! resources of the Gulf of Mexico
gained prominence in early to mid-2000s in conjunction with LNG terminals proposed for
construction in several areas of the central and western Gulf of Mexico. The primary issue
associated with LNG terminal seawater intakes is their potential impacts on fishery stocks




resulting from the mortality of entrained eggs and larvae. NMFS developed a requirement that
face velocities are limited to 0.5 ft/s to effectively mitigate the risk of impingement.
Environmental assessments for proposed LNG facilities in Federal waters of the Guif of Mexico
were conducted by the U.S. Coast Guard (USCG) and the Maritime Administration (MARAD)
(USCG and MARAD, 2003, 2004, 2005a,b,c, 2006a,b; TORP, 2006). The USCG and MARAD
established strict analytical protocols for assessing the impact of seawater intake on key fish
species of the region. The protocols included (1) the use of the SEAMAP database to estimate
farval and egg densities in the vicinity of any proposed facility; (2) the use of forward-projecting
Equivalent Adult Models (EAMs) to evaluate the expected levels of impacts from entrainment;
and (3) the use of specific life-history parameters for assessing the individual fish species in
question. Standardized protocols were developed so that the same set of techniques could be
used for each of the multiple facilities that were being proposed.

The Electric Power Research Institute (2004, 2005) and Gallaway et al. (2007) noted that the
use of EAMs was not always appropriate and proposed that Fecundity Hindcasting Models
(FHMs) be used, especially given that they would be used in conjunction with the existing stock
assessment models o estimate the impacts of entrainment on stocks and yield. Gallaway et al.
(2007) also calculated ichthyoplankton densities by depth and used the depth of the facility and
the intake volume as a basis for calculating entrainment losses. This approach was different
than that used by the USCG/MARAD. The USCG/MARAD estimates of entrainment were
based on the average density of ichthyoplankton within a rectangular polygon centered on a
given site.

1.3 PURPOSE AND OBJECTIVES

The overarching goal of the current study was to enable subscribing companies to meet their
sampling requirements for entrainment monitoring at fixed facilities with CWIS via the
industry-wide study option provided by the USEPA. The average densities of fish eggs and
larvae for each site were estimated based upon the 2-year EMS with biweekly sampling during
2011 and 2012 described herein. These data fulfill USEPA requirements for enumeration of
entrained organisms with respect to the defined sampling timeline and frequency with field and
laboratory protocols that allowed estimation of potential impacts from CWIS by providing the
required inputs for the entrainment models mentioned above. The effects of season, time of
day, and depth were estimated to facilitate the design of mitigation measures given that some
time period-depth combinations exhibited lower ichthyoplankton densities.

The average densities estimated with data collected in the current study represent our best
approximation of the frue population densities at each of the four sampling sites listed in

Table 1. This information presented an opportunity to assess the accuracy of SEAMAP data
when used to estimate fish egg and larval densities to determine impacts from CWIS facilities.
The SEAMAP data represents a long time series across many years, but with sampling mainly
restricted to summer and fall seasons. As such, some differences between SEAMAP and CWIS
were expected due to measurement error (i.e., measurement error = random sampling error +
systematic bias). The magnitude and direction of these differences were assessed to determine
whether current EMS requirements could stili be achieved with SEAMAP data. If site-specific
densities estimated with SEAMAP data were consistently equal to or greater than those from
the CWIS data, then it is reasonable to assume that future impacts based only on SEAMAP
data would not be biased low and most likely represent a worst case scenario. This finding
would give confidence to decision makers that no impacts were occurring if the effects of
entrainment were still found to be nominal even at high-end estimates of ichthyoplankton
density.



Table 1. Facility names and lease block locations of samples collected.

So. Facility ] lenseBlock. [+ Coordinates
Gunnison Garden Banks 668 (GBG68) 27°18.341 N; 93°32.384 W
Hoover-Diana Alaminos Canyon 25 (AC25) 26°56.862 N; 94°42 313 W
Independence Hub Mississippi Canyon 920 (MC920) 28°05.266 N; 87°59.152 W
Pompano Viosca Knoll 989 (VK989) 28°59.656 N; 88°38.318 W

The three objectives of the CWIS EMS were as follows:

1. Provide the data and analyses necessary to estimate ichthyoplankton densities around
seawater intakes in order to meet permit requirements for enumeration of entrained
organisms, quantify the magnitude of potential entrainment loss, and place this potential
impact in proper ecological perspective;

2. Estimate the effects of depth, time of day, and seasonal variation (defined by sampling
month) on ichthyoplankton densities to assist with the design of mitigation measures and
preclude unnecessary sampling during times when fish egg and larval densities may be low
enough to surmise entrainment is nominal; and

3. Assess the usefulness of the SEAMAP database for the estimation of entrainment losses.




2.0 MeTHODS

21 FIELD SAMPLING

Four platforms (sampling sites) in the Gulf of Mexico were sampled during a 2-year period
(23 January 2011 to 24 January 2013). Subject to weather constraints, 52 surveys at the four
sampling sites were planned over the study period. Surveys were to be conducted at 2-week
intervals, notwithstanding weather conditions thaf prevented sampling.

During individual surveys, sampling at each study site consisted of vertically stratified
ichthyoplankton collections taken from the ambient water column at dawn, midday, and dusk. In
addition, vertical profiles of temperature, conductivity (salinity), dissolved oxygen, chlorophyll,
pressure, and transmissivity were collected to document water column conditions. Collection of
the samples from the water column instead of from within cooling water systems made the
results less dependent on the design of specific facilities and avoided damage to eggs or larvae,
which could lead to underestimates of entrainment, due to mechanical stress due to passage
through pumps. Sampling the ambient water column also facilitated measurement of egg and
larval densities as a function of water depth. This information provides insight into the role of
intake depth on entrainment of eggs and larvae.

211 Study Sites

Four existing facilities with cooling water intakes were chosen as sampling sites to be
representative of the Gulf of Mexico ecosystem, contrasting mostly by longitude and depth
(Figure 1). The selection of these sampling sites was guided by the resuits of the industry-wide
SWBBCS (LGL Ecological Research Associates, Inc., 2009). This SWBBCS organized fishery
data for the Gulf of Mexico intc 15 geographic zones spanning five depth intervals

(0to 20 m, 20 to 60 m, 60 to 200 m, 200 to 1,000 m, and >1,000 m) and three longitudinal areas
corresponding to the eastern, central, and western Gulf of Mexico. The zones were designated
by a letter (E, C, and W) indicating their longitudinal area and a number designating the depth
interval. Zones in the central and western Guif of Mexico longitudinal areas are relevant to the
NPDES permit (U.S. Environmental Protection Agency, 2007). An assessment conducted as
part of the SWBBCS indicated that the central and western zones in depth intervals 200 to
1,000 m and >1,000 m (i.e., Zones C4, C5, W4, and W5) were the most likely locations for new
facilities with regulated intakes. Based on information provided by operators, the four sampling
sites were selected, one in each relevant zone. The coordinates and zone for each facility are
presented in Table 1.

2.1.2 Vessels and Navigation

During the first year of sampling, surveys were conducted from the M/ Will Bordelon, a 110-ft
(34-m) utility vessel, and during the second year, sampling was conducted from the

M/ Jim Bordelon, another 110-ft {(34-m) utility vessel. Each survey vessel was equipped with
the necessary equipment to support the field effort along with requisite safety equipment and
was continucusly mobilized for the project. The vessel's onboard global positioning system
(GPS) was used to navigate the vessel.
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Figure 1. Study site locations relative to fishery zones from the LGL Ecological Research Associates, Inc. (2009) Source Water
Biological Baseline Characterization Study.



2.1.3 Ichthyoplankton Sampiing

2.1.3.1 Ichthyoplankton Net System

ichthyoplankton samples were collected with a 1-m? multiple opening/closing net and
environmental sensing system (MOCNESS) (Figure 2). The MOCNESS is a
computer-controlled net system based on a Tucker trawl design that is able to collect plankton
samples from specific depths in the water column on command from the surface. The
MOCNESS consists of a rectangular frame with a series of 333-um mesh size nefs that can be
opened and closed by a topside computer system and an in sifu electronics package that
measures environmental variables as well as net depth, volume filtered, and net frame angle
with a real-time readout on the computer system.

=N \oﬁ\-
\\'\l.?, [ (7

Figure 2. Diagram of a multiple opening/closing net and environmental sensing system
,(MOCi;iESS). MOCNESS nets have a 333-pm mesh size and a net mouth opening
of 1 m*,

During each MOCNESS cast, the operator on the vessel monitored and controlied the net
system in real time. Depth of the nets, volume filtered, and water property parameters were
monitored during each tow and net opening/closing was controlled from the surface.
Measurements of selected water properties (temperature, conductivity [salinity], dissolved
oxygen, chlorophyil, and transmissivity/turbidity) were made and recorded as the net system
maoved vertically through the water column.

2.1.3.2 Ichthyoplankton Tow Methodology

The original sampling design required that the start point of a tow be at least 500 m upcurrent of
a facility and fows were made along a tangential towpath. After several incidents of striking
underwater ohstacles (see Section 2.3.2), start points and towpaths were modified. The
modified start point was at least 500 m downcurrent of the facility, and the tow was conducted
directly away from the platform. In addition, navigational software (HYPACK) was installed so
that the tow operator could view the path of the tow in real time and advise the vessel bridge of
needed course corrections to ensure that the tow continued in the proper directions. After
making these changes, no further striking instances occurred.




Each MOCNESS tow was conducted in a stepped-oblique pattern similar to the pattern depicted
in Figure 3. The system was lowered at a constant payout speed (approximately 30 m/min)
from the water surface to the maximum sampling depth with the Archival Net open while the
vessel was underway at 2 to 3 knots. At depth (approximately 300 m), the Archival Net was
closed as the first ascending net was opened simultaneously. Subsequent openings/closures
occurred at depths of 200 and 100 m. Thus, three nets were used during ascent sampling to
divide the water column into thirds; Nets 1, 2, and 3 sampled plankton at depths of 200 to

300 m, 100 to 200 m, and 0 to 100 m, respectively.
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Figure 3. Diagram of stepped-oblique towing pattern. Numbers 1, 2, and 3 give reference to
which MOCNESS net was open during each tow’s ascent (retrieval); the Archival Net
was open during the descent (deployment) to depth.

This tow pattern resulted in four samples per net cast. Only the samples from ascending
Nets 1, 2, and 3 were analyzed. Contents from the descending Archival Net, which
encompassed the entire water column as the net system was deployed to depth, were
preserved and archived for future reference.

The sequence of a tow is presented in Photos 1 to 6. Upon retrieval to the survey vessel work
deck, the outside of the net surfaces were carefully rinsed with seawater so that any plankton
remaining on the net were washed down into the cod end (Photo 7). After rinsing, the cod end
buckets of each net were removed and the contents transferred to appropriate sample
containers (Photos 8 to 11).

Individual samples were fixed in the field for at least 12 hours in a 5% buffered formalin solution.
After the samples were fixed, samples were transferred to 70% ethanol (ETOH). Sampie jars
were labeled on the outside, as appropriate, and inside in pencil with collection date and
project-specific sample codes that reflect facility location, water depth, and time of day. After
field sample processing was completed, all sample containers were checked to ensure proper
labels were affixed and protected from damage and that all inner and outer label information
was legible.



Photo 1. Initiating a MOCNESS launch for a tow.

Photo 2. Guiding the MOCNESS to enter water.



Photo 3. Monitoring the progress of a MOCNESS tow at the computer control station.

Photo 4. Computer screen display of tow information during a MOCNESS tow.



Photo 5. MOCNESS at the sea surface after a successful tow.

Photo 6. MOCNESS back on deck after tow.
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Photo 8. Transferring sample from net cod ends into a 333-um mesh sieve.
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Photo 10. Transferring net sample from sieve into sample containers.
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Photo 11. Samples in labeled sample containers.

After completing plankton collection at a station, the nets were washed thoroughly with
seawater. After completion of a survey, the nets were cleaned carefully with a brush and placed
in a tank with freshwater and detergent. After a thorough rinse with freshwater, the nets were
air dried and stored in a cool, dark place until used in the next survey.

Sample sets were assembled and organized in logical fashion to facilitate cataloging and
inventory. Chain of custody (CoC) forms were prepared for transfer of samples to the
laboratory. Sample sets were placed in coolers or plastic bins for transport to the laboratory. All
sample containers were sealed and insulated from damage during transport. A project scientist
drove each sample set directly to the laboratory.

2.2 LABORATORY ANALYSES
2.21 Ichthyoplankton Processing and Identification

Gulf Plankton Center LLC conducted the primary laboratory analysis under the direction of

Dr. Talat Farooqui. Upon arrival at the laboratory, samples were examined to assess condition
and logged in. CoC forms were completed and entered into a sample database. The count and
listing of sample lots/sets for each survey that was logged in were compared against the field
checklist/CoC to ensure that the sample tally was complete. The identity of each sample

(e.g., location, date of collection, depth of tow) was checked and confirmed before samples
were sorted. Ichthyoplankton samples were stored under appropriate conditions in a secure
location in the laboratory.
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Samples from Nets 1, 2, and 3 of each successful MOCNESS cast were analyzed to provide
densities of fish eggs and larvae and identification of larval fish species. Samples from these
nets were split according to the SEAMAP protocol by means of a Folsom plankton splitter.

Laboratory analysis began by sorting fish eggs, fish larvae, and juvenile and aduit fish
specimens from a sample. Fish eggs were counted and the ichthyoplankton, juvenile fish, and
adult fish specimens were sorted into labeled vials and bottles, identified to the lowest
practicable identification level (LPIL), and counted. Counts by taxa, identifications, and notes
for each ichthyoplankton sample were entered into laboratory notebooks or datasheets. Upon
completion of identifications and counts of each sample, the sorted samples were archived in a
secure location in the iaboratory.

Internal laboratory quality assurance/quality control (QA/QC) was conducted to ensure accurate
sample processing and sorting. A total of 10% of samples were sorted twice from each cruise
to ensure that rare species were not overlooked. If the error exceeded 5% in any sample, the
entire lot was resorted. A competent specialist was consulted on any guestionable species
identification or life history stage. All data and associated sample logs were reviewed to ensure
compliance with data quality objectives and calibration procedures. Data were reviewed for
errors in transcription, input, and calculations by multiple knowiedgeable project personnel.

2.2.2 Laboratory Quality Assurance

QA of the laboratory analyses was conducted under the directions of Dr. Michael Sherer at the
Normandeau Laboratory in Falmouth, Massachusetts. Ten percent of the samples sorted at the
primary laboratory were shipped to the QA laboratory. There, Dr. Sherer oversaw the
re-identification of the sorted specimens. Differences in taxonomy were resolved between the
primary and QA laboratories. In addition, 5% of the residual samples (i.e., the fraction of the
original samples from which the specimens had been removed) were resorted to determine the
sorting efficacy. Incorrect sorting exceeding 5% would result in the resotting of all samples.

2.3  MODIFICATIONS TO THE SAMPLE DESIGN

There were two primary factors that required adjustment of the sampling design: inclement
weather and incidents of the MOCNESS striking submerged objects at the study locations.

2.3.1 Weather

Although the permit required sampling at 2-week intervals, it was recognized at the outset of the
study that weather conditions would prevent sampling at some times during the 2-year study
period. During discussions leading to USEPA approval of the study design, USEPA was advised
that, because safety was an overriding concern in field operations, weather and sea state
conditions would prevent collection of some samples are originally scheduled. USEPA and the
study team agreed that additional samples would be collected on subsequent visits to make up
for missed samples. This approach was adopted over the alternative of adding sampling
cruises after the initial 2-year sampling period so that the study could be completed within the
time frame prescribed in the permit. As a result of frequent weather interruptions, it was not
possible to collect the originally envisioned number of samples during the sampling period.
Extra samples were collected to the extent possible during favorable weather conditions
resulting in collection of 80% of the originally planned number of samples.
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2.3.2 Strike Incidents

During the course of the field program there were a total of three striking incidents during net
tows (Table 2).

Table 2. Incidents of striking submerged objects.

_ Date [Tme( ] Swdyste ] Deemion T
During a dusk tow, the MOCNESS collided
Hoover-Diana Platform with an unknown object at a depth of 70 m
21 March 2011|1904 Alaminos Canyon Block 25 below the water surface. Incident resulted
in damage fo the MOCNESS.

During a dusk tow, the survey vessel drifted
within 100 to 150 m of the platform. Tow
was aborted and the MOCNESS struck an
unknown object at a 100 m depth during
retrieval.

. independence Hub
18 Aprii 2011 1806 Mississippi Canyon Block 920

During a dusk tow, a severe change in the
angle of the MOCNESS was chserved at
229 m. The damage to the net system
indicated that a collision with an unknown
object had ocecurred.

Hoover-Diana Platform
12 June 2011 1843 Alaminos Canyon Block 25

These three incidents were duly reported to the QOC project manager, Dr. Joseph P. Smith.
The incident reports are presented in Appendix B. After three strike incidents, it was agreed
between Dr. Smith and the CSA Ocean Sciences Inc. project manager that in order to ensure
the safety of the vessel, crew, field survey team, and sampling equipment, the method of towing
had to be changed. Based on the original sampling design, there was a 500-m buffer around
each platform. Tows were made upcurrent of each platform along a tangential towpath. After
the third striking incident, this pattern was changed; tows began downcuirent of each platform
outside the buffer zone and proceeded away from the platform. After this change was
implemented, no further striking instances occurred.

24  SAMPLE ARCHIVAL

All data and samples collected during this project will be maintained for a period of 5 years
ending 31 January 2018.

2.5 ANALYSIS AND ASSESSMENT METHODS
2,5.1 Estimation of Entrainment Loss

The SWBBCS used SEAMAP data to estimate larval egg and fish densities within 15 biological
zones that parsed the Gulf of Mexico into homogenous habitats. The impact modeling
techniques used during the SWBBCS study relied on FHMs (see Gallaway et al. [2007] for a
description of this approach) to convert egg and larval densities that were projected to be
entrained into the number of spawning females it would take to produce them. This exercise
facilitated estimation of how impacts would affect population trajectories and fisheries yield
(LGL Ecological Research Associates, Inc., 2009). Impacts from entrainment loss based on the
SEAMAP density estimates were projected to be nominal (LGL Ecological Research
Associates, Inc., 2009).
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Sampling from the current study (EMS) provided more localized data surrounding the four CWIS
sites. An obvious question is whether the impacts based on these more representative data can
still be considered nominal. The SWBBCS focused on species and species groups of
socioeconomic importance. Most species designated as such in the Gulf of Mexico spawn near
shore and were not represented in plankton samples of the outer biological zones within which
the CWIS sites occurred. Of those that were, only a six had the life history parameters available
from the literature that are required by the FHM to estimate spawning female equivalents.
These species included anchovies (family Engraulidae), red snapper Lutjanus campechanus,
yellowfin tuna Thunnus athacores, King mackerel Scomberomorus cavalla, Atlantic Spanish
mackerel S. macufatus, and dolphinfish Coryphaena hippurus. Density estimates for these
species were extremely low in the SEAMAP data used for the SWBBC study and even lower in
the CWIS data with the exception of red snapper in Zone W5 (Appendix C). More importantly,
the predominance of zero values (>90% of the samples for all six species) hindered more
accurate and precise density estimates derived from the generalized linear modeling described
in Section 2.5.2. As a result, it was deemed not worthwhile to repeat the life history modeling
performed for the SWBBC study and to simply conclude that a similar modeling exercise would
result in even lower entrainment impacts than were estimated in the SWBBC study.

In light of this finding of low ichthyoplankton densities, the significance of potential entrainment
losses was estimated using the proportional water use approach described by Gallaway et al.
(2007). In this approach, entrainment losses were compared to the population within a larger
reference parcel of water, which was one half of the volume encompassed by a cylinder of
water with a radius equivalent to 1 day’s transport of water past the intake and a depth
equivalent to that of the intake. Vuckovich and Crissman’s (1986) reported drift rate of eddies
across the continental siope in the western Gulf of Mexico was used as an estimate of 1 day’s
transport. The eddies drifted westward at an average speed of 5 km/d with a 95% confidence
interval of 1 to 14 km/d. We used the lower confidence interval drift rate of 1 km/d to be
conservative. It was assumed that water for most facilities would be drawn from the upper 60 m
(approximately 200 ft) of the water column. Half the volume of a cylindrical reference parcel
having these dimensions was 94,247,780 m°,

2.5.2 Cooling Water Intake Structure Analyses

2.5.2.1 Application to Objective 1

Objective 1 was to provide the data and analyses necessary to estimate ichthyopiankton
densities around seawater intakes to quantify the magnitude of potential entrainment loss and
place this impact in a proper ecological perspective. The extent to which this perspective could
be brought to bear on a loss estimate was partially a function of the estimate’s accuracy and
precision. The spatial-temporal sampling space usually varies with respect to habitat quality
due to spatial heterogeneity in fixed topographical features such as water depth and time
varying environmental influences such as temperature, salinity, and dissolved oxygen. In furn,
most animal populations tend to be clustered in subareas during certain times with more
favorable conditions. Field surveys are almost never balanced across the defined sampling
space, which can lead to erroneous averages and/or inflated confidence intervals. For example,
if more sampling effort happened to occur in ideal subareas at the right time due to sampling
logistics or just random chance then density estimates intended to be representative of the
larger defined sampling space would be biased high.
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Statistical models were used during the CWIS Net Analysis to reduce the chance that unknown
bias would degrade the accuracy of entrainment estimates. These models appropriately
weighted each sample by its respective effort and effectively balanced effort across strata
defined by the time, depth, and area variables to standardize all predictions to a common effort.
This standardization/balancing removes bias in the patterns observed from the output, and the
included environmental variables improved precision of these patterns to the extent they
explained and removed variability in the data. These models were used to make the best use of
the available data for estimating average ichthyoplankton densities.

2.5.2.2 Application to Objective 2

For Objective 2, it was of interest to determine how the ichthyoplankton community varied with
depth, time of day, season (indexed by sampling month), and among the four sites. The results
from the CWIS Net Analysis can be used to inform mitigation decisions concerning the depths
and time periods to place the intake so as to minimize entrainment. Furthermore, identification
of time periods of maximum density helps to define the "primary period of reproduction, larval
recruitment, and peak abundance” as specified in the NPDES permit and to identify times when
fish egg and larval densities may be low enough to surmise that entrainment is nominal and
further sampling is uninformative.

2.5.2.3 Multivariate Responses

Each tow-net combination represented an experimental unit (i.e., an individual sample from the
total sample size used for a given analysis) and both multivariate and univariate responses were
available in the resulting dataset. Assemblage structure (the proportionate mix of species) is a
multivariate response that was assessed with ordination analysis. This analysis reduces the
dimensionality (i.e., the number of possible combinations in which densities can vary across
species) to two or three dimensions that can be more easily interpreted with an x-y graph and
interpreted as univariate responses.

Prior to the multivariate analysis, the dataset was modified to prevent bias from low abundance
taxa and samples. Many larval fish were identified to taxonomic levels lower than family, but
this resolution was inconsistent across species and magnified the number of zero observations
in the database. Assessing communities at the family level has been shown to adequately (and
sometimes more efficiently) represent ecological changes afong gradients and from impacts
(Hernandez et al., 2013). Parsing the individuals across lower taxon reduces the number of
positive values for each taxonomic grouping and increases the number of zero observations for
a given group. Using higher taxonomic levels pools these samples together and lowers the
frequency of zeroes. Fewer zeroes allow for easier fitting of the observed data with statistical
distributions and generate more robust resuits. Nearly all specimens were grouped by family,
but a few specimens were identifiable only to higher levels; nevertheless, we refer to taxonomic
groupings henceforth as "families."

For the statistical analysis, families occurring in fewer than 5% of the samples (again, a sample
equals a tow-net combination) and samples having fewer than 10 individuals {(42% of the
samples but 4% of all individuals) were deleted (the resulting data matrix had 32 families
collected across 1,425 samples). Ali counts and identification are preserved in the full dataset
(Appendices C and E) to facilitate simple enumeration of entrainment as specified in the
NPDES permit. Next, all samples were converted to catch per unit effort (CPUE = count/fvolume
filtered) and 4™ root transformed to prevent samples with larger abundances from dominating
the ordination. This transformation on family level abundances is common in the ecological
literature (e.9., Hernandez et al., 2013). Assemblage structure was analyzed using nonmetric
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muitidimensional scaling (NMDS), which is a nonparametric ordination technigue based on
ranks and is less sensitive to rare species than other ordination techniques (Shepard, 1862;
Kruskal, 1964). This ordination was based on the Bray-Curtis Similarity matrix and performed
with the statistical software PC-ORD (the "slow and thorough” autopilot setup was chosen;
McCune and Mefford, 2006), which recommended two dimensions for the final solution.

The NMDS ordination is an indirect gradient analysis whereby continuous variables must be
correlated with the station axes post hoc and can be overlaid on the ordination. Overlaying
environmental variables with the station axis scores delineates how variability in assemblage
structure correlated with these variables, which may indicate important environmental gradients
to community dynamics. Likewise, the resulting plot allows visualization of the variability in
assemblage structure across levels of each categorical variable (i.e., the distinctiveness of their
respective larval communities).

2.5.2.4 Univariate Responses

The univariate responses (also called dependent variables) were statistically tested using a
generalized linear mixed mode! (GLMM) to determine if the densities of total fish larvae, total
fish eggs, and the three most abundant taxa differed across sampling depth, among other
variables. In addition, we tested the two dimensions (Axes 1 and 2) from the ordination analysis
as univariate responses; thus, there were seven univariate responses (five relating to individual
densities and two relating to assemblage structure).

The egg and larval data were raw counts of individuals (some zero counts occurred) that were
Poisson distributed and overdispersed, which is common for discrete data. In addition, the
effort that produced each sample (i.e., the volume of water filtered) varied. Standardizing
samples to a common level of effort creates the variable "catch per unit effort"

(CPUE = individuals/m®), which in the present study is used synonymously with the term
density. The terms "catch” and "counts,"” when used alone, refer to a number of individuals that
have not been standardized to a common effort. We clarified these terms because the data
input and output from GLMM require their use. These data were modeled using GLMMs with
discrete probability distributions to compute the likelihood of observing the counts that were
collected. These types of GLMM have been a relatively new approach to analyzing count data
(e.g., Terceiro, 2003; Minami et al., 2007; Arab et al., 2008; Shono, 2608; Dunn, 2009), and
were applied to plankton data by Power and Moser (1999). Catch and effort for each sample
enter the model separately, but the output is standardized for effort to yield density (or CPUE)
estimates. This approach involved three steps:

1. Constructing a model with parameters of interest to predict the CPUE for all the
observations,

2. Multiplying the predicted CPUE from Step 1 by the volume sampled (called an effort offset)
to obtain the predicted (expected) number of individuals comparable to the observed counts;
and

3. Computing the likelihood of the observed counts given the expected counts assuming some
discrete distribution.

The discrete probability distributions used within the GLMMs correctly model data generated
from the Poisson process of counting individuals and never generate negative values, which are
impossible with count data. These models allow for zero counts (something lognormal
distributions will not do) and Step 2 correctly weights each observation’s contribution to the
overall likelihood. The Poisson distribution is a one-parameter model for which the variance is
equal to the mean. This distribution is ideal for situations where animal densities are uniformly
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or randomly distributed. However, when animal population distributions are clustered (more
common than not) the resulting variance will be larger than the mean, and the validity of
hypothesis tests is compromised. Adding a second parameter to correctly model the variance
fixes this problem. We chose to use the 2-parameter negative binomial regression model,
which accounts for overdispersion and uses a global linear log link function to portray the
predicted counts:

lOge(’la)E#+xfﬁ (1)

where, A; = predicted count for the #* sample, ¢ = overall mean, x; = the vector of explanatory
variables, and § = their corresponding vector of coefficients.

Axis 1 and Axis 2 scores from the NMDS analysis (described in Section 2.5.2.3) were
continuous and normally distributed. Therefore, the mode! for these univariate responses
reduced to a mixed model ANOVA. All independent variables were parameterized with the
GLIMMIX Procedure (approximation method = Laplace) in the SAS Version 9.2 statistical
package (SAS Institute Inc., 2008) by maximizing the tog likelihood,

Five categorical variables (also called factors) were included as fixed effects: year (2011 and
2012), month (January to December), time of day (dawn, noon, and dusk), site (AC25, GB668,
VK989, and MC920), and net (Net 1: sampled 200 to 300 m depth range, Net 2: 100 to 200 m,
and Net 3: 0 to 100 m). Multiple comparisons among levels of each fixed effect were controlled
for family-wise error rate using Tukey’s procedure.

While the variable net accounted for much of the variance along the depth gradient, there was
some residual variance remaining due to varying physicochemical conditions across season
and site. Therefore, the continuous variables (also called covariates), dissolved oxygen,
salinity, and temperature were added as random effects with each month-station-net
combination as the subject. These covariates were plotted against each other to visually
inspect for co-linearity and prevent redundancy among independent variables.

Predicted average densities across factor levels were reported as marginal means. For
instance, in a design with two factors, the marginal means for one factor are the means for that
factor averaged across all levels of the other factor giving equal weight to each level of factor
combinations. When covariates are included, the default is to estimate marginal means at their
average values in the dataset. Estimating and reporting marginal means forces balance across
unbalanced sampling designs and removes the confounding influence of environmental
covariates so that the effects of any one factor can be interpreted in isolation. These means are
standardized for effort in the model output, and thus, represent predicted density or CPUE
(individuals/m®).

2.5.3 Potential for using SEAMAP Data in Future Entrainment Studies

2.5.3.1 SEAMAP Data and Acquisition

The SEAMAP dataset provides information on larval densities by species, as well as egg
densities for stations located throughout the Gulf of Mexico. SEAMAP data have been collected
since 1982 and new data are collected in an ongoing program of sampling. The SEAMAP data
constitute a unigue resource for studying not only long-term trends in fishery status but also the
responses of fisheries to future development activities, fishing, and natural events. The first
step in analysis was to acquire the SEAMAP data from NMFS for comparison to site-specific
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data. Initial processing of SEAMAP plankton samples was conducted at the Sea Fisheries
Institute, Plankton Sorting and identification Center (ZSIOP) in Szczecin, Poland and the
Louisiana Department of Wildlife and Fisheries (LDWF) (Lyczkowski-Shultz et al., 2004). Vials
of eggs and identified larvae, plankton displacement volumes, fotal egg counts, and counts and
length measurements of identified larvae are sent to the SEAMAP Archive at the Florida Marine
Research Institute in St. Petersburg, Fiorida. These data are entered into the SEAMAP
database and specimens are cataloged, organized, and loaned to interested scientists. Data
files containing specimen identifications and lengths are sent to the NMFS Mississippi
Lahoratories where these data are combined with field collection data and edited according to
established SEAMAP editing routines.

A detailed description of methods for preparing the SEAMAP ichthyoplankton data (and the data
gathered in this program) for assessment analysis is provided in Appendix D. These
descriptions identify the three SEAMAP datasets (STATCARD, ICHSTRWK, and ICHSARWK)
that are used together to estimate fish larvae and egg densities, and the relevant fields within
each dataset. Here, we should also note that the SEAMAP database is more-or-less continually
being updated (i.e., adding the next year's resuits, receipt of new iaboratory analysis results
from ZSIOP and LDWF, corrections of errors, etc.). Because the SEAMAP files are subject to
updating, it is a best practice for any analysis based on these data to state the name and
provenance of the data file that was used. The SEAMAP data file used in our analyses was
acquired from David Hanisko, NMFS Pascagoula Laboratory. The file was an ACCESS
database file dated 7 September 2010 and contained data from 18,398 ichthyoplankton
sampling stations collected from 1982 to 2008. This dataset includes 217,930 ichthyoplankton
identification records totaling 623,650 individuals.

The STATCARD dataset describes when and where sampling operations tock place. The
ICHSTRWK contains gear code information, volumes filtered, and all of the egg data, whereas
the ICHSARWK dataset provides data about individual larval taxa including size information. As
described in Appendix D, STATCARD and ICHSTRWK can be merged based upon three fields
(cruise number, vessel, and station number). The sampie number field is required to merge
these data with the ICHSARWK dataset.

Most relevant for comparison with the CWIS baseline study were tows using a 60 cm Bongo net
with 333-pm mesh, Data were restricted to only records using this gear protocol by way of
filters on the following variables; Gear_ICD ='01' and Mesh_|CD = '03'. These were oblique
tows sampling depths ranging from 0 to 200 m; tows over areas shallower than 200 m sampled
the entire water column. The average volume filtered was 200 m® (range = 50 to 869 m®); tows
sampling less than 50 m® were deleted before analysis. For most tows, eggs and larvae were
removed from the entire sample; however, for some only a fraction of the aliquot was removed.
The variables EGGS_ALIQU and ALIQUOT indicated these fractions for eggs and larvae,
respectively; from the SEAMAP documentation, the only valid values were 171, 1/2, 1/4, and 1/8.
Records with any value other than these, including missing values, were deleted. Furthermore,
records where NUM_EGGS was equal to 200 represent errors according to the SEAMAP
documentation and were deleted for all analyses with egg density as the response variable.

2.5.3.2 Overview of the Analyses Comparing SEAMAP and CWIS Datasets

These analyses were designed to determine the extent to which the SEAMAP database could
be used to assess entrainment losses of fish eggs and larvae for future CWIS installations. The
use of the SEAMAP database is advantageous for this purpose because it is continually
updated by an ongoing NMFS effort and readily allows future assessments to take into account
temporal trends in Guif of Mexico fishery conditions. The CWIS operations entrain a quantity of
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tarval fish and eggs, and the magnitude of these losses may differ from site to site. if the
SEAMAP data can accurately estimate these losses then future sampling specific to each CWIS
operation may not be necessary.

To this end, egg and larval density estimates from sampling conducted during 2011 and 2012 at
each CWIS site (henceforth referred to as the CWIS dataset or just CWIS) were compared to
estimates from SEAMAP data collected from 1982 to 2008 (data has been processed only
through 2008). SEAMAP tows sample 0 to 200 m, and tows from the current CWIS study had
to be made comparable. All samples from Net 1 (depth range 200 to 300 m) were dropped from
the CWIS dataset, while counts and volumes filtered from Nets 2 and 3 were summed before
the dataset comparison analyses. Thus, the experimental unit for these analyses was a distinct
tow.

Statisticians use the term "predictions" to describe estimates generated by a model for the
observations used to create the model (an example would be the CWIS Net analysis presented
above). Estimates for observations not used during model creation are referred fo as
"forecasts." Both have application to the current study. First, we tested the null hypothesis that
the two datasets rendered the same predicted responses using a GLMM created with data from
both SEAMAP and CWIS datasets. The advantage of this analysis was that it took into account
variability around the estimated averages from both datasets when testing whether differences
were likely due to random chance (the null hypothesis) or systematic bias (the alternative
hypothesis). The disadvantage is that CWIS data will not be available for comparison to
SEAMAP data in the future if the latter is the only data source used to estimate entrainment.

The error likely to be incurred from using SEAMAP in lieu of localized sampling was estimated
by forecasting the observed CWIS values from a GLMM created with SEAMAP data only. This
exercise directly measured the extent to which conclusions would have been biased if the
SEAMAP data were used instead.

For the two analyses just described, two data grouping approaches were used for these
comparisons — the "Block Approach” and the "Gradient Approach.” Thus, there were four sets
of analyses for comparing datasets. Below we describe these approaches and rationale for how
models for each were constructed.

2.5.3.3 Model Specification for the Block Approach

As mentioned, our dataset comparisons were of two approaches. For the Block Approach, a
rectangle 30-min latitude tall by 90-min longitude wide was centered on each CWIS site, and all
SEAMAP data that had been collected within this block were used to estimate average fish egg
and larval densities for comparison with estimates from the CWIS dataset. This is the standard
technique for grouping data around a facility site developed by the USCG and MARAD to
estimate fish egg and larval entrainment losses associated with offshore LNG facilities

(see USCG and MARAD, 2003, 2004, 2005a,b,¢, 2006a,b; TORP, 2006; Gailaway et al., 2007).
A criticism of this approach is that sometimes the defined blocks cut across pronounced
changes in the larval fish community along depth and longitudinal (east/west) gradients
(Gallaway et al., 2007). During the current study, this was especially true for the shallowest site,
VK989,

One difficulty in comparing the SEAMAP and CWIS datasets was that samples were collected
during different spans of years — 1982 to 2008 for SEAMAP and 2011 to 2012 for CWIS. One
method of handling this discrepancy was to generalize estimates across years and months by
modeling a random intercept with the MonthxYear interaction nested within dataset as the

subject. This random term was used in all models described below. Then the question being
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answered becomes, "Do the estimates from the two datasets differ during an average year?",
which is an Equal Dataset Hypothesis Comparison. The results from a model specified in this
way are valid as long as no major shift in the responses occurred between the averages during
each span of years.

For each Equal Dataset Hypothesis Comparison, there were four comparisons for each
response (eggs and total larvae). For the Block Approach, there were comparisons for the
prediction analysis and the forecast analysis. Similarly, for the Gradient Approach, there were
comparisons for the prediction and forecast analyses.

For the Block Approach, possible fixed effects included a categorical variable designating Block
(AC25, GB668, VK989, and MC920), another indicating Dataset (CWIS and SEAMAP), and a
third variable representing their interaction. Responses were fish egg and total larval density,
which were modeled as above in the CWIS Analysis with negative binomial regression. Block
was always included, which resulted in three possible models: (1) Block, (2) Block + Dataset,
and (3) Block + Dataset + BlockxDataset. Model 3 represents the "global" model in that it in
includes all variables being tested. For this model, p-values from the Type Ill tests of fixed
effects output by the GLMMs were used to assess the statistical significance (a = 0.05) of these
variables.

Finding no significance for the Dataset term would indicate that the differences between
datasets could not be distinguished from random chance. We are aware that "absence of
evidence is not evidence of absence.” Nevertheless, this result would promote the argument for
using SEAMAP data to estimate entrainment at future sites. Hence, localized sampling around
CWIS may not be necessary; or at least it could be reduced to periodically spot check the
SEAMAP estimates. Shouid the Dataset term be significant, the SEAMAP data may still be
used to estimate future entrainment if differences were consistent across the CWIS sites, which
would allow for estimation of a "corrective" multiplier or offset that could be applied to the
SEAMAP data. Finding the BlockxDataset interaction term significant would preclude this
corrective measure because the difference between the datasets would be subject to equivocal
spatial variability. Finally, differences between datasets must be interpreted based on their
biological ramifications in addition to statistical significance. In other words, the SEAMAP data
may render estimates that are statistically greater than the CWIS estimates, but still not so great
as to change a conclusion of no measurable impacts.

In addition to testing each term in the global model with p-values, the three Block models were
compared using Akaike Information Criterion (AIC) values based on the Information Theoretic
(IT) approach (Burnham and Anderson, 2002). The IT approach is more straightforward with
respect to interpretation of results than classic hypothesis testing. The p-values rendered by the
latter represent the percent of times the data would be randomly selected given the null
hypothesis is true (i.e., no difference among treatments). If this probability is larger than the a
priori level of a (typically set to 0.05), then differences among treatments are deemed not
significant statistically. Further power analyses are required to move the interpretation beyond
“failure to reject the null hypothesis" to the probability that the null would have been rejected had
there been real differences of arbitrary levels. This approach is theoretically flawed and many
statisticians and quantitative biologists strongly oppose the use of post hoc power analyses
(Goodman and Berlin, 1994; Gerard et al., 1998; Anderson et al., 2001; Hoenig and Heisey,
2001: Burnham and Anderson, 2002). The IT approach directly estimates the probability of
each hypothesis being true given the observed data and the suite of hypotheses being tested.
Thus, the IT approach is more in keeping with the idea of muitiple working hypotheses proffered
by Chamberlin (1965) (Burnham and Anderson, 2002).
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Weights were assigned to each model based upon their AIC values. These AIC values were

modified to quasi-likelihood AIC (QAIC) values by first dividing the log-likelihood for each model ,
by the variance inflation factor from the global model as recommended by Burnham and '
Anderson (2002) to account for over dispersion. Akaike weights for a given suite of models '
investigated sum to 1; the Akaike weight of a given model within that suite indicates the relative

quality of the model compared to all others considered.

As mentioned, only SEAMAP data were used during creation of the forecast models, and thus
the Dataset term was not needed. Only one model remained, which was specified with one
fixed effect, Block, and one random intercept for which the MonthxYear interaction was the
subject.

2.5.3.4 Model Specification for the Gradient Approach

The original plan for the second approach to dataset comparisons was similar to the Block
Approach, but was to group the datasets by the LGL (2009) biological zones, rather than the
rectangular block drawn around each site. These 15 biological zones essentially bin the
interaction of the depth and longitudinal gradients into coarse, albeit bioclogically significant
polygons that heip to homogenize variation in the larval community (Gallaway, 2007). However,
during exploration of possible model specifications, we discovered these gradients could be
modeled more efficiently as two separate random main effects (i.e., no interaction of the two)
with greater resolution in their demarcations along each gradient. The continuous gradients
Depth and Longitude were each binned into categorical variables (Depth bin size = 200 m:
Longitude bin size = 1 degree) and each of these variables entered the model as a subject with
a random intercept. Binning them into categorical variabies rather than continuous variables
yielded better statistical properties in the results (i.e., lower variance inflation factors, tighter
confidence intervals for estimated means, and faster convergence). The resulting model had
only one fixed effect, Dataset, which was compared to the null model (no fixed effects; only the
random effects defining Depth and Longitude) with the Akaike weights (derived from their :
respective QAIC values) as described above in Section 2.5.2.3. Thus, the null model included ;
no main effects and the three random intercepts for the subjects MonthxYear interaction nested )
within dataset (same as the Block Approach), Depth, and Longitude, This model was used
during the Forecasting from SEAMAP Analysis.
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3.0 FIELD SAMPLING RESULTS AND DATA SUMMARIES

3.1

From January 2011 through January 2013, 511 MOCNESS tows were conducted successfully

FIELD SAMPLING-CRUISES COMPLETED

during 39 surveys; 13 surveys were cancelied due to weather (Table 3).

Table 3. MOCNESS tows conducted from January 2011 through January 2013.

i - Gunnison ] Hoover Diana. | [Independence Hub '] “ “Pompang i+
sm'—_\,'ré - _88668 _(W4)_ : < AC25 (W5) i ZMC920 (CS) i ..:V__KQB_Q {C4)
B SRR _. | Dawn.| Noon:|-Dusk: Dawn_ “Noon.{.Disk | Dawn’| Noon | ‘Disk.! Dawn | Neon

1 23-30 January 2011 1 1 1 1 1 1 1 1 1 1 1 1
2 Canceled — weather - - - -- -- - - -- - - -- -
3 19-26 February 2011 2 2 2 - -- - 2 2 2 2 2 2
4 Canceied — weather - - - -- -- - - - = -- -- -
5 16-26 March 2011 2 1 3 3 1 2 2 2 - - 2
6 Canceled — weather - - - - - - - - - - - -
7 17-20 Aprii 2011 - - - -- - -- 2 2 2 3 3 2
3 1-8 May 2011 3 3 3 3 3 3 - -- - 2 - -

] 17-20 May 2011 - - - - - - 2 2 2 1 3 -

10 26-29 May 2011 - - - -- - - 1 1 1 1 1 3
it 9-18 June 2011 3 5 5 4 4 3 1 1 1 1 - -
12 30 June-7 July 2011 1 1 1 1 1 3 1 1 1 1 2 2
13 15-19 Juby 2011 -- - - 1 1 2 -- - - -- -- -
14 30 July-6 August 2011 2 2 2 1 1 1 2 2 2 2 2 2
15 13-21 August 2011 1 1 1 1 1 1 1 1 1 1 1 1
16 28-31 August 2011 - -- -- -~ - - 1 1 1 1 1 1
17 14-20 September 2011 2 2 2 2 2 -- 1 1 1 1 1 1
18 Canceled — weather - -- - - - -- - -- -- -- - -
19 Canceled - weather - - -- -- - -- -- e -- -- - --
20 12-15 Oclober 2011 - - -- -- - - 3 3 3 3 3 3
21 Canceled - weather -- - -- - - - -- - - -- - --
22 Canceled - weather -- - - - - - -- - -- -- - --
23 30 November-2 December 2011 -- - -- - - - -- - -- 3 3 3
24 15-22 December 2011 - - - -- -- - 2 2 1 1 1 1
25 5-9 January 2012 3 3 3 3 3 3 -- -- - - -- -
26 18-21 January 2012 - - - -- - - - - -- 2 2 2
27 Canceled —weather - - - - - - - - - - - -
28 15-18 February 2012 - -- -- - -- -- - 3 3 2 2 2
29 28 February-3 March 2012 - -- -- 2 3 3 -~ - - o - -
30 16-18 March 2012 - - - - - - 3 3 - 1 2 2
31 27 March-1 Aprif 2012 1 -- -- 1 1 -- - -- - - -- -

32 10-13 April 2012 -- - -- -- - - 3 - - 3 2 2
a3 27-30 April 2012 - - -- - - - 2 3 3 1 1 -
34 8-12 May 2012 3 3 3 -- - - -- - - -- - -
35 23-26 May 2012 - - - - - - 3 3 3 2 2 3
36 6-11 June 2012 3 3 3 - 3 3 - -- - - -- -
37 Canceled — weather - - - - - - -- - -- -- - -
38 27 June-1 July 2612 1 - - 2 1 3 - - -- - -- --
39 11-18 July 2012 3 3 3 2 3 3 2 3 3 2 2 -
40 25 July-1 August 2012 3 3 4 - - - 3 3 3 3 2 2
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Table 3. (Continued).

e I coof i Gunnisonii ] Hoover-Diana - [ Independence Hub | Pompano. . ..
Survey | S 5 B GBSG_B._.’(‘{M) ) U AG2S (W5 SR AMCE20.(C5) - VKBS (C4)
R i s i Dawn | Noon | Dusk | Dawn | Noon | :Dusk’| Dawn | Noon] Dusk: Dawn | Noon | Dusk

41 15-19 August 2012 i - - 2 3 3

42 Canceled — weather - - -

43 5-7 September 2012 -- 2 3 -- -- - - - - - - -

44 20-23 September 2012 - -- - - - - 3 3 3 3 3 3

45 2-6 October 2012 2 3 3 3 3 3 -- - - - -

46 16-18 October 2012 - - - - -- - - - - 3 3

47 30 October-4 November 2012 - -- 3- 6 4 3

48 Canceled — weather - - -- - - - - - - -

49 4-8 December 2012 -- - - -- - - - - - 1 2

50 Canceled — weather

51 Canceled — weather -- - - - - . - - -

52 18-26 January 2013 - -- = - -- - 3 3 3 - 2 3

3.2 DATA SUMMARIES

Across 511 tows collected, a total of 1,533 net-tow samples were obtained:; 1,485 of which were
used for the Net Analysis (Table 4). For the Dataset Comparison Analysis, 498 tows were used
(Table 5). Eighteen tows were deleted due to aberrant latitudefiongitude values, five were
deleted because of zero values for the variable "Volume Filtered,” sixteen were deleted due to
spurious values for one or more of the hydrographic variables used (temperature, salinity, and
dissolved oxygen), and nine were deleted because the "Volume Filtered" was less than less
than 50 m® (combined volume filtered for these nine tows was 199 m%). Further, 15 samples
were taken at site VK989 on 19 January 2013 and 27 samples were taken at the MC920 site on
24 January 2013. These were the only samples taken during 2013 giving poor representation of
this year from one month at only two of the sites. To remedy this, these samples were treated
as if they were taken at the respective sites in December 2012 as this was the nearest
neighboring month and year in the dataset.

No adult fish were collected in any tow. A summary of the total eggs and larvae collected and
volumes filtered (m°) organized by platform, date, time of day, tow, and net is provided as
Appendix E. Taxonomic summaries are provided in Appendix C. Hydrographic data (water
temperature, conductivity [salinity], dissolved oxygen, chiorophyll, transmissivity/turbidity, and
depth/pressure) were recorded as the net system moved vertically through the water column
and were summarized as average values per net. Hydrographic data summaries of
temperature, salinity, dissolved oxygen, and pressure (the variables used in the explanatory
modeis) are shown by platform, tow, month, year, and time of day in Appendix F.

Overall, representatives of 164 families (and higher order taxa if family could not be determined)
were taken in the MOCNESS collections (Appendix G). The family Myctophidae (lanternfishes)
was the most abundant family with 20,804 specimens from 75 taxa accounting for 34% of the
total collection of 80,376 fish larvae. The second and third most abundant families were
Sternaptychidae (hatchetfishes) represented by 7,713 specimens from 18 taxa and
Bregmacerotidae (codlets) represented by 4,508 specimens from 4 taxa. Collectively, these
three families comprised 55% of the total collection.
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Table 5. Number of tows used from the SEAMAP program and the CWIS monitoring study for
the Block and Gradient Approaches to compare datasets with respect to total fish
larvae and eggs.

Dataset
Response | Block | SEAMAP [ owis ] Total
Block Approach

AC25 59 117 176

S — GB668 16 117 133

MC920 56 126 182

VK989 173 138 311

Total 304 498 802

AC25 59 117 176

Eggs GB668 16 117 133

MC920 56 126 182

VK989 168 138 306

Total 299 498 797

Gradient Approach

Total larvae 1,162 498 1,660
Eggs 948 498 1,446
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4.0 ANALYSIS AND ASSESSMENT RESULTS

4.1 COOLING WATER INTAKE STRUCTURE NET ANALYSIS

This chapter presents the Net Analysis for counts of the three most dominant taxa collected
during the study as well as counts of total eggs and larvae, The dominant taxa were
janternfishes (Myctophidae), hatchetfishes (Sternoptychidae), and codlets (Bregmacerotidae).
In addition, the resuits of the multivariate analysis of the ichthyoplankton assemblage structure
are presented.

41.1 Myctophidae (Lanternfishes)

During the current study, lanternfishes were the
most dominant taxa, comprising 34% of the total
larvae specimens collected (20,804 out of
60,376; Appendix G). Lanternfishes are named
for their conspicuous use of bioluminescence.
Occurring in oceans worldwide, they are a
deepsea family of small-bodied fishes
represented by 246 species in 33 genera. The
Gulf of Mexico myctophid assemblage appears to
have a different structure compared to that in the Atiantic Ocean {Backus et al., 1977; Bangma
and Haedrich, 2008; Ross et al., 2010). Alexander (1998) suggests that lanternfishes account
for as much as 65% of all deepsea fish biomass. Global biomass is estimated to be on the order
of 550 to 660 million metric tonnes, several times the entire world's fisheries catch. Based on
older specimens collected with a Tucker trawl (1.69 mm mesh size) at stations near those used
in this study, Ross et al. (2010) found lanternfishes to account for 38% of total catch. Annual
differences were not pronounced in the CWIS data, but they were significantly more abundant at
the westernmost sites than the easternmost sites, with site VK989 having the lowest density.
Lanternfish abundance exhibited a similar seasonal trend to that of total larvae and total eggs by
peaking during spring and decreasing into autumn. However, the spiked abundance in April
suggests a more temporally compressed spawning period during spring (Figure 4, Table 6).

During the day, myctophids stratify in dense aggregations deep in the water column

(e.g., >300 m). These aggregations are sufficiently dense to cause deep sound-scattering
layers (e.g., Baird et al., 1974; McCartney, 1976). At night, they rise to surface waters
presumably to feed on zooplankton. However, there is much variation among species within the
family Myctophidae, and larval myctophids are non-migratory, spending day and night in near
surface waters (Ahlstrom, 1959). The samples collected during this study corroborated these
life history descriptions in that densities in the upper 100 m of the water column were on the
order of 18 times higher than at deeper depths; furthermore, their density did not change
significantly with time of day. Cha et al. (1994) found myctophids to be among the most
abundant families in samples from MOCNESS tows offshore of the Florida Keys; 50% of
individuals that were observed at depths <50 m.
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Table 6. Results from the generalized linear mixed model for the Net Analysis of MOCNESS
samples. P-values are given for each categorical fixed effect (Term) along with the
number of model parameters (k), and the variance inflation factor (VIF). For
differences among levels of each categorical term, see corresponding figures for
each response (Figures 4 to 8). Covariance terms represent random variance
around environmental gradients across the Net-Station-Month cell combinations.
The standard error (SE) is provided also.

T Response ] k.| VIE]  Tem ' | P-value | Covariance Term | Estimate | SE -

Year 0.6662 |Oxygen 0.135 | 0.039

Manth <0.0001 {Salinity 0.041 0.022
Total tarvae 24 11.08 |Time of Day 0.0262 |Temperature 0.193 0.054

Station 0.0016

Net <0.0001

Year <0.0001 |Oxygen 0.140 | 0.041

Month <(.0001 |Salinity 0.196 0.054
Eggs 24 | 1.13 {Time of Day 0.0006 | Temperature 0.010 0.026

Station 0.0004

Net <0.0001

Year 0.4222 |[Oxygen 0.446 | 0.160

Month <0,0001 |Salinity 0.095 0.0680
Myctophidae 24 | 1.19 | Time of Day 0.2106 |Temperature 0.747 0.228

Station <0.0001

Net <0.0001

Year 0.0280 {Oxygen 0.253 0.073

Month 0.0546 |Salinity 0.068 0.030
Sternoptychidae 24 | 0.94 | Time of Day 0.0016 |[Temperature 0.265 0.075

Station 0.0190

Net <0.0001

Year <0.0001 |Oxygen 0.638 0.358

Month 0.1301 | Salinity 0.613 0.225
Bregmacerotidae | 24 | 0.96 |Time of Day 0.7011 {Temperature 0.8920 0.387

Station 0.0432

Net <0.0001

Year 0.0005 |Oxygen 0.003 0.002

Month 0.4621 |Salinity 0.000 -
NMDS Axis 1 24 | 0.18 | Time of Day 0.9716 | Temperature 0.001 0.002

Station 0.0842

Net <0.0001

Year 0.7477 |Oxygen 0.000 -

Month 0.0646 | Salinity 0.000 -
NMDS Axis 2 24 | 0.17 | Time of Day 0.2257 |Temperature 0.032 0.008

Station 0.1682

Net <0.0001
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4.1.2 Sternoptychidae (Hatchetfishes)

The second most abundant family, Sternoptychidae
(hatchetfishes), was represented by a total of

7,713 specimens, 13% of the total collection

{Appendix G). This family is comprised of 73 species in
10 genera distributed worldwide. Hatchetfish use
bicluminescent counter-illumination to camouflage their
sifhouette from predators below while feeding at night
(Nelson, 2006). Hopkins and Baird (1985) studied the
trophic ecology of the principle species of this family in the
eastern Guif of Mexico. Marked resource partitioning
across time and space was found among the four species investigated. Argyropelecus
aculeatus fed in the epipelagic zone (<200 m) at night, while A. hemigymnus foraged at deeper
depths during late afternoon. The two other species, Sternoptyx diaphana and S. pseudobscura
were found at much deeper depths (>500 m) and exhibited no clear diel feeding cycle.

Hatchetfish were found to be unique in their vertical distribution during this study. Unlike all
other responses modeled, hatchetfish were markedly more abundant at depths of 100 to 200 m
than at shallower or deeper depths (Figure 7, Table 6). Densities during the middle of the day
were significantly lower than at dawn or dusk suggesting a diel cycle in their vertical migration.
Densities of larval hatchetfish peaked in April and abated in autumn. Densities in 2012 were
marginally, yet significantly, higher than those observed in 2011. As with total larvae,
lanternfish, and codlet densities, hatchetfish were more numerous at the westernmost sites than
at the easternmost sites.

4.1.3 Bregmacerotidae (Codlets)

The third most abundant family was
Bregmacerotidae (codlets), accounting for 7% of
all specimens (4,508 individuals; Appendix G).
As with larval lanternfish densities, the resuits of
this study corroborated Cha et al. (1994) who
found codlets to be among the most numerically
dominant families in MOCNESS tows of <50 m
offshore of the Florida Keys (Cha et al., 1994).

In the current study, codlets exhibited a different seasonat pattern than the other
ichthyoplankton. Instead of peaking during spring then tapering to lower densities during
autumn, codlet densities were more consistent across all months except for distinct increases in
June and December. This suggests that members of this family may spawn during all seasons
(Figure 8). Namiki et al. (2007) found two species of ¢odlets, Bregmaceros atlanticus and

B. cantori, to exhibit greater larval densities during winter based on bongo net tows of <200 m
off the central coast of Brazil. Given the range in lengths, a third species Bregmaceros sp. was
suspected of spawning throughout the year.

Codlet densities in 2012 were more than double the densities found in 2011. As with the other
larval fish responses, densities revealed an east-west trend, being the greatest in the
westernmost site AC25. Codlet densities exhibited the common vertical distribution of decaying
exponentially with depth,

35



41.4 Summary of Cooling Water Intake Structure Net Analysis Results

The univariate responses included in this analysis were catches for total fish larvae, total fish
eggs, and the three families exhibiting greatest observed densities (Myctophidae,
Sternoptychidae, and Bregmacerotidae). In addition, each of the two axes from the NMDS
output (Axis 1 and Axis 2) were treated as univariate dependent variables. For each of the
responses, the effects of the categorical variables year, month, time of day, station (i.e., site),
and net were tested. The results of these tests are reported in this chapter and patterns are
identified across the levels of these variables.

This study was successful in achieving Objective 2, which was to provide decision support for
identifying and guiding potential mitigation measures for the effects of entrainment. The lowest
ichthyoplankton densities were estimated to have been (1) in the central Gulf of Mexico, (2) over
a water depth 2400 m, (3) at least 200 m below the surface, (4) during November, and

(5) around midday. This chapter further discusses each of these factors.

Annual fluctuation was statistically significant and substantial for total eggs (higher in 2011) and
Bregmacerotidae (higher in 2012); the effect of year was small but significant for
Sternoptychidae and Axis 1 scores from the NMDS (Table 6; Figures 4 to 10). Time of day had
a significant effect on total larvae, total eggs, and Sternoptychidae, but differences among
dawn, noon, and dusk samples were small relative to other factors. Assemblage structure of
ichthyoplankton, as indexed by Axes 1 and 2, did not vary to a significant degree across
sampling stations, while all five density responses changed significantly. Densities were
greatest in at least one of the western sites (AC25 and GBE68) for all responses except total
eggs, suggesting a general trend in abundance of larval fish increasing from east to west. Total
eggs had higher representation at the shallowest site VK989.

All seven univariate responses showed pronounced differences across the nets, which sampled
three depth strata. Mean densities of total eggs, total larvae, Myctophidae, and
Bregmacerotidae decreased markedly from the top stratum (Net 3, 0 to 100 m) to the middle
stratum (Net 2, 200 to 300 m) then less so to the deepest stratum (Net 1, 200 to 300 m).
Likewise, the two-dimensional representation of assemblage structure by Axes 1 and 2 from the
NMDS ordination plot shows Net 3 samples to be more distinct from the deeper samples of
Nets 1 and 2; Net 2 samples ordinated differently than Net 1 samples as well but to a lesser
degree. Sternoptychidae was unique in that density was approximately four times greater in
Net 2 than either the shallowest or deepest nets.

Total fish eggs and larvae as well as Myctophidae varied significantly across months indicating
seasonal peaks and valleys in ichthyoplankton densities, which reflect spawning patterns of
adults. Sternoptychidae had a p-vaiue = 0.0545 (i.e., not significant at a = 0.05), but the pattern
was similar whereas Bregmacerotidae was less significant (p = 0.1301) with a dissimilar pattern
across months. To generalize and clarify seasonal patterns, all density responses were
rescaled to their standard normal deviates (z-scores) across months and plotted together
(Figure 9). The rescaled values indicate how many standard deviations each month varied
from the annual mean, which allows responses of different magnitudes to be compared directly.
It appeared that the general trend for total eggs, total farvae, Myctophidae, and Sternoptychidae
was to reach peak densities during spring (March and April), while Bregmacerotidae was more
consistent except for dramatic spikes in density for June and December (Figure 8). All density
responses appear to be low during the fall (October and November).
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4.1.5 Total Larvae

The abundance of total larvae at the continental slope study sites peaked in April and declined
thereafter into autumn. The difference in abundance between 2011 and 2012 was small and
not significant (Figure §, Table 6). Larval abundance appeared higher at the westernmost sites
(AC25 and GB668) than at the easternmost sites. Larval densities at VK989, the shallowest site
with a depth of 393 m, were nearly identical to the density observed at MC920 where the depth
was 2,515 m. Regardless, densities across all CWIS stations were a fraction of those observed
from SEAMAP tows closer to shore (Figure 11). The trend in surface water larval density over
increasing depth moving offshore appears to be an exponential decay. Whereas densities at
dawn and dusk were higher than seen in the noon coliections, the differences, albeit statistically
significant, were slight (Figure 5). The most pronounced differences were related to depth of
the sample net. Larval density in the upper 100 m of the water column was nearly five times
higher than density observed at 100 to 200 m depth and approximately 16 times higher than
larval densities at 200 to 300 m depth.

4.1.6 Total Eggs

Fish egg abundance exhibited a clear seasonal pattern peaking in March and declining to a
minimum in November. Egg abundance was markedly higher in 2011 than in 2012 suggesting
annual variability in egg production. Site VK989 was characterized by the highest mean egg
density (0.12 eggs/m®), and MC920 had the lowest (0.08 eggs/m®). Changes due to time of day
were statistically significant, but small. The most pronounced differences in egg density
occurred among depths (Figure 6). Egg density in the upper 100 m of the water column was
approximately two to three times higher than the deeper depths.

4.1.7 Assemblage Structure

An ichthyoplankton larvae sample is characterized by its assemblage structure (i.e., the number
of species or taxa present and the number of individuals of each species or taxa).
Understanding whether assemblage structure depends on factors such as the sample location
or sample depth or the year, month, or time of day when samples were collected may be
relevant in assessing the potential fishery impacts of cooling water intakes. Considering that
representatives of 164 families were identified in the MOCNESS samples collected for this
study, making an objective determination of whether sample-specific factors such as station,
net, year, month, or time of day have a significant influence on assembiage structure is
extremely difficuit. NMDS is a numerical technique that transforms a multidimensional dataset
(e.g., assemblage structure) into a smaller number of dimensions (e.g., two) so that the
significance of the dependence of assemblage structure on sample-specific factors can be
objectively tested. For this analysis, the complex assemblage structure data are transformed in
values termed Axis 1 and Axis 2. These values can be used in the GLMM approach to test the
correlation of assemblage structure with factors such as sample location, sample depth, year,
month, or time of day.

Assemblage structure is a multivariate response or matrix where dimensions are equal to the
number of species or taxa comprising it. The NMDS ordination converted this matrix into two
dimensions to facilitate interpretation of how this response was influenced by the independent
variables (factors) tested. The axis scores defining these dimensions represent two univariate
indices of assemblage structure that capture predominate variation across samples. As such,
changes in Axis 1 and Axis 2 were tested with the GLMM to estimate whether assemblage
structure differed across levels of included factors.
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The final NMDS two-dimensional ordination of samples (net-tow combinations) yielded a final
stress value of 0.21 indicating a good representation of species dimensionality (according to
McCune and Mefford, 2006) and therefore assemblage structure (Figure 10). Both axes
(dimensions) exhibited p-values less than 0.001 based on comparing observed stress values
with those derived from 1,000 Monte Cario runs of randomized data A low p-value suggests
that the patterns observed in the data to which the ordination was fitting could not be explained
by random noise (at least not 99.9% of the time in the current case). Orthogonality (1-r°)
represents the degree to which the two axes are uncorrelated. Unlike other ordination
techniques, NMDS axes are not always orthogonal, but should be (McCune and Mefford, 2006).
McCune and Mefford (2006) recommend comparing distances amaong samples in ordination
space versus their corresponding distances in the original, unreduced space as a diagnostic for
how well the final axes represent the observed assemblage structure. Axes 1 and 2 in

Figure 10 were 93.3% orthogonal and explained 78% and 26% of the variance in the observed
assemblage structure, respectively.

Significant differences in axis scores across factor levels were indicated for net and year only.
Each net’'s samples ordinated differently along both axes; however, the majority of variability
among nets, and therefore depth strata, was accounted for with Axis 2. Samples from the
shallowest net (Net 3, 0 to 100 m) ordinated the lowest along Axis 2. Net 1 samples (200 to
300 m) ordinated the highest, and Net 2 samples (100 to 200 m) were in between, but more
similar to Net 1 than to Net 3. The interpretation of these differences is that assemblage
structure changed significantly along the vertical depth gradient, and this change became less
dramatic with increasing depth. Myctophidae, Gonostomatidae, and Bregmacerotidae correlated
the highest with Axis 2 and were inversely related. That is, their relative representation in the
assemblage decreased with depth. Similarly, Sanvicente-Afiorve et al. (1998) report these
families to be among those having the greatest influence on assemblage structure of larval fish
in the neritic (over the continental shelfy and oceanic (beyond the continental sheif) zones in the
southern Gulf of Mexico. Similarly, Ross et al. (2010) found assemblage structure of older
individuals collected with a Tucker Traw! to be fairly constant through time and across the Gulf
of Mexico. As with the current study, they found that the primary gradient along which most
change occurred was sampling depth.

Axis 1 explained less of the variation across all samples than Axis 2 but was the only axis for
which significant differences occurred between years. Axis 1 most likely represents annual
fluctuation in assemblage structure. Myctophidae, Bregmacerotidae, and Phosychthyidae were
more represented in 2012 samples and positively correlated with Axis 1.

4.2 DATASET COMPARISONS

Two sample grouping approaches were used to compare the CWIS and SEAMAP datasets.
The first approach compared site-specific CWIS fish egg and larval densities to those estimated
using SEAMAP data restricted to corresponding blocks defined with the USCG-MARAD protocol
(i.e., the Block Approach). The average SEAMAP estimates of larval fish densities significantly
overestimated the observed, site-specific larval densities, especially at the shallowest site
VK989 (Table 7, Figure 12). This difference is thought to be mainly an artifact of an observed
onshore/offshore depth gradient as described by Gallaway et al. (2007). This gradient was
evident for total larvae and SEAMAP samples within the USCG-MARAD block centered on site
VK989, which clearly overlapped shallower areas with greater larval densities (Figure 11).
Therefore, a second approach was developed that omitted SEAMAP samples from <350 m
depth, yet used more of the SEAMAP dataset by removing the block restriction. Depth and
longitudinal gradients were modeled directly (i.e., the Gradient Approach).
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Table 7. Results for the prediction analysis from the generalized linear mixed models for the
Block and Gradient Approaches to compare differences between SEAMAP and CWIS
datasets with respect to total larvae and eggs. P-values are given for each categorical
fixed effect (Term) along with the number of model parameters (k), and the variance
inflation factor (VIF). Covariance terms represent random effects with estimates that
account for how much the intercepts from each Month-Year-Dataset combination vary
around the intercept common to all. The standard error (SE) is provided also.

Akaike Covariance ;
Response | Model Weiaht k VIF Term P-value Term Estimate SE
Block Approach
Dataset [<0.0001
1 100% | 10 | o077 | Block |<0.0001 MonthxYear| 554 | gg62
Dataset x <0.0001 (Dataset)
Total Block ’
larvae Dataset [<0.0001 |Month x Year
0,
2 Bt 7 078 Block |[<0.0001 |(Dataset) Al | na
3 0% 6 | 077 | Block |<0.0001 |[MonthxYear\ 4554 | 0.104
(Dataset)
Dataset | 0.8604
1 08% | 10 | 1.01 | _Block |<0.0001 |MonthxYear| g5 | o432
Dataset x 0.0004 (Dataset)
Eggs Block )
Dataset | 0.2911 |Month x Year
0
2 1% f 1.04 Block 1<0.0001 | (Dataset) 0.781 0.147
o Month x Year
3 1% 6 1.04 Block |<0.0001 (Dataset) 0.789 0.148
Gradient Approach
?’[‘J‘;’:L’l’;‘t; ear| 5113 | 0.021
| 1 100% 6 0.92 Dataset |<0.0001 Depth bin 0.011 0.006
Total Longitude bin 0.010 0.006
lErvae E‘g"a’::;;t;( ar| 144 | 0026
2 0% 5 | 0002 | Nul = [Depth bin 0012 | 0.006
Longitude bin | 0.012 0.007
Month x Year
y ; 5 (Dataset) 0.275 0.051
1 65% 6 .08 ataset | 0.0313 Depth bin 0.026 0.022
Eggs Longitude bin | 0.093 0.044
Month x Year
) ul (Dataset) 0.291 0.053
2 3% | 5 | 144 y = [Depth bin 0.104 | 0.019
Longitude bin | 0.020 0.049
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4.21 Block Approach — Analysis Results from the Datasets Modeled Together

The analysis comparing SEAMAP and CWIS estimates of total larvae was based on 802 tow
collections (304 SEAMAP tows and 498 CWIS tows taken at the four sites), whereas the
analyses for eggs were based on 797 tows (Table 5). The results were somewhat equivocal.
The best models describing dataset differences for both larvae and eggs received 100% and
98% of the Akaike weight, respectively, and included the interaction term "Block x Dataset"
(Table 7). This finding means that the datasets were statistically different, but the magnitude
and/or direction varied by Block.

For total larvae, the site-specific SEAMAP estimates of density were higher than the CWIS
estimates across all sites, but the effect size varied (upper left panel of Figure 12). For site
VK989, the SEAMAP estimate was more than three times higher than the CWIS estimate; for
the other sites, SEAMAP estimates were approximately 50% to 100% higher than those for
CWIS. While the differences between SEAMAP and CWIS total egg densities were less
pronounced for three of the sites, the magnitude and direction of the discrepancies were
inconsistent as well. The SEAMAP estimate was much higher than the CWIS estimate at site
VK989, estimates were nearly identical at sites AC25 and MC820, and at site GB668, the
direction reversed and the CWIS estimate was twice the SEAMAP estimate.

Forecasts of larval densities based on the Block Approach were higher than the observed CWIS
values across all sites, but the magnitude of this bias was exaggerated at site VK989

(Figure 13). For egg densities, both magnitude and direction varied. It was concluded that the
conventicnal Block Approach would generate less than optimal forecasts of local
ichthyoplankton densities.

However, it is thought that the Block Approach was inappropriate because the defined blocks
crossed over areas with substantial contrast in depth, yet treated all samples within these blocks
as being homogenous with respect to environmental conditions and habitat features. For site
VK989, the inclusion of SEAMAP samples from shallower waters caused the relationship
between the databases fo shift substantially.

4.2.2 Gradient Approach — Analysis Results from the Datasets Modeled Together

The gradient analysis for total larvae was based upon 1,660 tows; 1,162 from the SEAMAP
dataset and 498 from the CWIS monitoring study (Table 6). The gradient analysis for eggs was
based upon 1,446 samples; 948 from the SEAMAP dataset and 498 from the CWIS monitoring
study. These results suggest the SEAMAP estimates of larval densities were significantly
higher than the CWIS estimates by a multiplier of 1.5 (Table 7, upper right panel of Figure 12).
For egg density, the CWIS estimate was 1.4 times higher than the SEAMAP estimate, aithough
Akaike weight was only 65% for the model including the term Dataset (i.e., there was a 65%
chance that the datasets differed). :

Using the Gradient Approach reduced forecast error for larval fish densities, and while these
forecasts were still biased high, the magnitude of the differences across sites and years was
more consistent (Figure 13). The direction of bias was reversed for the prediction of egg
densities. Overall, these results suggest the long term average SEAMAP estimates of total
larval and egg densities can be used as estimates of site densities when longitude and depth
gradients are modeled at greater resolutions. The consistent bias observed can be adjusted to
palance with observed density estimates or inflated to assess worst case scenarios with respect
to entrainment of ichthyoplankton.
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No adjustment for the larval densities would result in a conservative (i.e., worst case scenario)
estimate of entrainment; an appropriate scalar would be required to equalize the SEAMAP
estimates of egg densities with those observed (an average of 1.7 across station and years).
An average scalar of 2.7 would make the SEAMAP egg density estimates as conservative as
the total larval forecasts.

4.3 ENTRAINMENT LOSSES

Objective 1 was to provide data that allowed quantification of the magnitude of potential
entrainment loss and place this potential impact in proper ecological perspective. The most
relevant descriptors of this perspective were (1) the vastly reduced fish egg and larval densities
compared to nearshore distributions, (2) the nominal fraction of the water used by CWIS
facilities compared to the water mass typically moving past each site, and (3) the very small net
effect this loss would have on the adult population.

Ichthyoplankton densities in the Guif of Mexico decline exponentiaily with total depth as distance
from the shoreline increases. The shallowest site is well beyond the inflection point of depth
(approximately 200 m) where ichthyoplankton density reduces to a fraction of the nearshore
densities (Figure 11). Surface layer densities over water depths >200 m are about one-sixth of
those over depths <200 m.

The four monitoring sites examined in this study were located over the continental slope of the
central and western Gulf of Mexico at depths ranging from 393 to 2,515 m (Table 8). Although
these facilities are not subject to the entrainment monitoring requirement because of their
construction dates, their estimated entrainment losses can be considered as representative
surrogates for losses at regulated facilities. For Independence Hub, the facility with the largest
water use (Table 8), the entrainment loss would be 0.15% (i.e., 15/10,000) of the population
passing by the facility each day. For the Pompano facility, the losses would be 0.01% of the
passing population. These percentages are relative to a reference parcel of water and are
independent of density estimates (see Section 2.5.1).

Table 8. Water use and percent entrainment loss per day by facility. Each facility’s daily water
use was referenced to a standard volume (94,247,780 m”, see Section 2.5.1) that
passed the facility each day.

S T oo - ] pepth | ‘Wateruse/day | =  Percentof -~ . -
o Fadlty | LeaseBlock  Zone | (nr?) ol mYy y . Reference Volume Lost
Pompano VK989 Cc4 383 10,978 0.01
independence Hub MC920 C5 2,515 140,817 0.15
Gunnison GB668 W4 960 20,063 0.02
Hoover-Diana AC25 Was 1,471 79,494 0.08

As mentioned under the resuits for the Net Analysis, density responses in the deepest stratum
(200 to 300 m) were less than one-third of the surface layer for codlets and lanternfishes. For
hatchetfish, the density of the deepest stratum was less than one-third the middle layer. For
total iarvae, the fraction drops to one-thirteenth, and for myctophids one-fiftieth. When
combined, these factors causing reductions in ichthyoplankton densities become muitiplicative.
For instance, entrainment by an intake below 200 m at the independence Hub site could be
approximately 6% of the density expected from a site over the continental shelf with a 50-m
deep intake over a depth of less than 200 m. This comparison assumes water usage and
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movement past the two facilities are equal; both sites would entrain a fraction of the passing
population from the reference parcel of water as defined earlier.

Statistical models like those generated during the Net Analysis would be useful for estimating
densities to input into impact assessment models for species of interest. Equivalent Adult
Models (EAMs) and Fecundity Hindcasting Models (FHMs) apply mortality and stage duration
schedules across early life stages to convert losses of eggs and larvae into adult equivalents.
However, none of these species occurred frequently enough to facilitate robust estimates of
density.

Assembiages were dominated by deepsea families, mainly lanternfishes, hatchetfishes, and
codlets. High profile species of recreational and commercial important species were not
well-represented in the slope collections. For example, mackerels and tunas (Scombridae)
were the most abundant family of recreational and commercial species and were represented
by 2,231 out of the 60,376 specimens or about 4% of the total collection. Sea basses
(Serranidae) and snappers (Lutjanidae) were the next most abundant of these species with a
total of 340 and 246 specimens, respectively; together they accounted for less than 1% of all
specimens. Dolphinfish (Coryphaenidae) were represented by 48 specimens, and only two
swordfish (Xiphiidae) larvae were collected. Most of the entrainment losses involve species
whose life histories are poorly known.

It is worth noting that based on output from FHMs applied to species of interest during the :
SWBBCS entrainment impacts were miniscule. Densities for these species from samples taken

during this study were found to be either zero or lower those used for the SWEBBCS, with the

exception of red snapper in Zone W5. Moreover, the estimated impacts were so small that the

positive bias in density estimates made from the SEAMAP data when compared to the CWIS

samples from this study was nowhere near the error that would have to occur before impacts

began to be marginally detrimental to the affected species. As a result, the differences between

densities measured in this study and those estimated from SEAMAP data using the Gradient

Approach are small enough that they have no practically significant effect on the usefulness and

validity of impact estimates made with SEAMAP data.
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5.0 SUMMARY OF SIGNIFICANT FINDINGS

During 2011 and 2012, a CWIS EMS was conducted at four sampling sites in the Gulf of
Mexico. Two sites were located off eastern Louisiana at water depths of 393 and 2,515 m
(eastern sites); and two sites were located offshore Texas at water depths of 860 and 1,471 m
(western sites). Ichthyoplankton samples were collected using a MOCNESS that sampled three
depth ranges during each tow: 0 to 100 m, 100 to 200 m, and 200 to 300 m. Tows were
conducted at dawn, noon, and dusk. It was the intention to sample biweekly during 2011 and
2012 however, inclement weather precluded some sampling. In all, 498 tows comprising

1,485 depth-specific samples were viable for analyses.

Using the CWIS EMS data only, the responses for total larvae, eggs, the three most abundant
families, and an index of assemblage structure (i.e., the proportionate mix of families) were
tested for differences across levels of five effects: year, month, time of day, station, and sample
depth. This analysis was referred to as the "CWIS Net Analysis” as the experimental unit was
each net-tow combination. In a separate "Dataset Comparison,” larval fish and egg density
estimates from the current study were compared to those made with data collected during the
routine plankton monitoring program (SEAMAP) conducted by NMFS. Finally, impacis from
"Entrainment Losses" were assessed by placing the magnitude of losses in reference to
ichthyoplankton abundance for the immediate vicinity. The significant findings from these
analyses are outlined in this chapter.

5.1 COOLING WATER INTAKE STRUCTURES NET ANALYSIS

e The three most abundant larval fish families across the entire study were Myctophidae
(lanternfishes), Sternoptychidae (hatchetfishes), and Bregmacerotidae (codlets).

e Pronounced differences across years only occurred for eggs and codlets; eggs were greater
in 2011, while codlets were greater in 2012.

« Month had a significant effect on the density responses. All taxa exhibited greater densities
during March and April except for codlets, which peaked in June; all responses were lower
in October and November.

« Differences across time of day, though occasionally statistically significant, were nominal for
all responses.

e The effect of station revealed a general east-west trend in ichthyoplankton densities.
Western stations, tended to have greater density responses for all except eggs, which was
greatest at the shallowest, eastern site.

« The most pronounced patterns from the effects investigated during the study were changes
in densities and assemblage structure across sample depths. For the larvae of all taxa
except hatchetfish larvae, densities were several times greater in the shallowest range
(0 to 100 m); hatchetfishes were concentrated more in the mid-range (100 to 200 m).
Assemblage structure differed markedly across depth ranges with samples from the
shallowest range being more distinct in their observed species composition.
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5.2 DATASET COMPARISONS

» The USCG and MARAD established strict analytical protocols for assessing the impact of
seawater intake on key fish species in a region. This approach called for the estimation of
larval fish and egg densities based on SEAMAP data arbitrarily restricted to a defined
rectangular polygon (referred {o as a block) centered on the site in question. This approach
was found to be inadequate for this study because blocks can cut across depth and
longitudinal gradients along which pronounced changes in the larval fish community oceur.
This resulted in inconsistent differences between estimates based on the SEAMAP data
versus CWIS data across the sampling stations.

* Abetter approach that does not use arbitrary polygons but instead statistically models the
depth and longitudinal gradients to estimate fish larval and egg densities is presented in this
report. While the SEAMAP estimates stili differed from the site-specific CWIS estimates
using this new approach, these differences were less pronounced and more consistent.

» Forecasts of total fish larvae densities based on SEAMAP data would typically be biased
high to represent a worst case scenario with respect to impacts from CWIS. Using the
Gradient Approach, the mean ratio of SEAMAP to CWIS was 1.6:1 ranging across stations
and years from 1.0:1 to 2.0:1; using the Block Approach, the mean ratio was 2.5:1 ranging
from 1.1:1 to 4.5:1.

» Forecasts of total fish egg densities based on SEAMAP data would typically be biased low.
Using the Gradient Approach, the mean ratio of SEAMAP to CWIS was 0.7 1 ranging across
stations and years from 0.4:1 to 1.1:1; using the Block Approach, this mean ratio was
1.0:1 ranging from 0.4:1 to 2.5:1. The scalar needed fo equalize the mean for SEAMAP with
that of CWIS was then 1.7; a scalar of 2.7 would cause the SEAMAP mean to be an
overestimate by the same magnitude as it was for the total fish larvae response,

» Based on these findings, the SEAMAP dataset provides an adequate basis for the
estimation of entrainment of ichthyoplankton.

5.3 ENTRAINMENT LOSSES

» lchthyoplankton densities in the Guif of Mexico declined exponentially with total water depth
as distance from the shoreline increased. The shallowest site examined in this study was
well beyond the inflection point of depth (approximately 200 m) where ichthyopiankton
density was reduced to a fraction of the nearshore densities. Surface layer densities over
water depths greater than 200 m are approximately one-sixth of those over depths less than
200 m. The four monitoring sites were located over the continental slope of the central and
western Gulf of Mexico at water depths ranging from 393 t0 2,515 m.

¢ Entrainment loss for each site was compared to ichthyoplankton abundance within a larger
reference parcel of water. The reference parcel was one half of the volume encompassed
by a cylinder with a radius equivalent to one day’s transport of water past the intake and a
depth equivalent to that of the intake. Even with a worst case scenario transport velocity,
water usage by the facilities would cause only 0.01% to 0.15% of this reference abundance
to be entrained.
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Fish egg and larvae densities at the deepest depth range sampled (200 to 300 m) was
found to be a fraction of the densities at shallower depths. Thus, placing water intakes
below 200 m would substantially reduce entrainment and possibly eliminate the need for
site-specific sampling.

Most of the entrainment losses involved species whose life histories are poorly known.
Larval fish assemblages were dominated by deepsea families, mainly lanternfishes,
hatchetfishes, and codlets. High profile species of recreational and commercial importance
were not well represented in the slope collections.

Based on output from FHMs applied to species of interest during the SWBBCS, entrainment
impacts were projected to be miniscule. Densities for these species from samples taken
during this study were found to be either lower than those used for the SWBBCS or zero.
Moreover, the estimated impacts were so small that the positive bias in density estimates
made from the SEAMAP data when compared to the CWIS samples from this study was
nowhere near the error that would have to occur before impacts began to be marginally
detrimental to the affected species.
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Table A-1. Permit requirements summation of the Entrainment Monitoring Study relative to the eight requirements by the

Sl Requirement it s

U.S. Environmental Protection Agency (USEPA) (2007).

ST Comment

Any industry-wide study conducted to meet the entrainment monitoring
requirements in Section B.12 must be commenced within 2 years after
the effective date of this permit or the installation of a new facility subject
to the coaling water infake structure (CVWIS) requirements of Part 1.8.12,
whichever is later. The industry-wide study must be completed 3 years
after its commencement,

+ Permit effective 10/1/2007

+ USEPA approved Source Water Biologicat Baseline Characterization Study
(SWBBCS) Plan 6/28/2008

+ Contract for Baseline Study 8/25/2008

« USEPA approved SWBBCS Report 10/5/2009

+ Industry presented Entrainment Monitoring Study (EMS) Plan to USEPA 10/14/2009

» USEPA approved EMS Plan 1/20/2010

» Contract with CSA Qcean Sciences Inc. executed 41110

« Deepwater Horizon 4/10/2010

» Sampling initiated January 2011

+ Final report of CWIS EMS submitted to USEPA December 2013

Beginning 2 years after the effective date of the permit or after
commencement of operations, whichever is later, the operator must
monitor for entrainment, The operator must collect samples to monitar
entrainment rates (simple enumeration) for each species over a 24-hour
period and no fess than biweskly during the primary pericd of
reproduction, larval recruitment, and peak abundance identified during
the SWBBCS. Representative species may be utilized for this
monitoring consistent with their use in the SWBBCS. The operator must
coliect samptes only when the CWIS is in operation. After 24 months of
monitoring, the permittee may request from USEPA a reduced
monitoring frequency for the remainder of the permit.

+ Permit effective 10/1/2007

+ USEPA approved EMS Plan 1/20/2010

« Biweekly sampling Initiated January 2011

» Combined with intake flow rates, tabulated densities provided the basis for
enumerating entrained species

* Ichthyoplankten densities were found to be greatest during the spring {March and
April) and least during the fall (September to November)

» Densities may be estimated from Southeast Area Monitoring and Assessment
Program {SEAMAP) data based on an improved statistical made} described in the
report. This model directly models gradients afong depth and longitude ranges, as
apposed fo the U.S. Coast Guard (USCG)Maritime Administration (MARAD) polygon
approach. Based on these results, SEAMAP can be used to estimate entrainment of
ichthyopiankton, and the need for site-specific sampling is unnecessary

Alternatively, operators may comply with these requirements through
participation in a USEPA approved industry-wide study. That study may
include a smaller, statistically representative number of facilities. See
also Section B.12.a of this parmit. Any industry-wide study conducted to
meet the entrainment monitoring requirements in Section B.12 must ba
commenced within 2 years after the effective date of this pemit and
must be completed and submitted to EPA Region 6 three years after the
effective date.

+ Permit effective 10/1/2007

* USEPA approved Baseline Study Plan to colect information necessary for design of
entrainment study 6/28/2008

» USEPA approved Baseline Study Report 10/5/2009

+ Industry presented EMS Plan to USEPA 10/14/2009

« USEPA approved an indusiry plan for a study of four Gulf of Mexico sites 1/20/2010

« Start of the sampting 1/10/2011 after being delayed by the Deepwater Horizon spill

+ Field sampling for the study completed 1/10/2013

= Final report of CWIS EMS submitted to USEPA December 2013




Table A-1. (Continued).

T Requrement

A list of species (or refevant taxa) for all life stages and their relative
abundance in the vicinity of the cooling water intake structure.

» The EMS reports larval densiﬁes by taxa and biological zone in Ap#endix E
+ The study goes beyand the requirement to enumerate representative taxa by
providing densities for ali identified taxa

\dentification of the {axa and life stages that would be most susceptible
to impingement and entrainment. Taxa evaluated shouid inciude the
forage base as welt as those most important to commercial and
recreational fisheries.

« The densities of fish larvae identified to the lowest practicable identification level were
reported in a table sorted from most to least numerous

« Furthermore, densities of total larvae and the three most abundant families were
stafistically modeled to improve accuracy and precision for the most likely affected
taxonomic aroups

|dentification and evaluation of the primary pericd of reproduction, larvat
recruitment, and period of peak abundance for relevant taxa.

« Ichthyoplankton densities were found to be greatest during the spring {March and
April} and least during the fall (September fo November)

Identification of all threatened, endangered, and other protected species
that might be suscepfible to impingement and entrainment at CVAS.

» These species were either absent during the 2 years of biweekly sampling or were
collscted so infrequently so as to preclude robust estimation with statistical models
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CSA INCIDENT/ACCIDENT NOTIFICATION FORM Directions for filling out form

Email within 24 hrs to — Lynwood Powell, CSA Stuart Office — Ipowell@conshelf.com

Originators Reference No:ooc 2285/Task 4

Date of Incident: Time: Exact Location: Diana Hoover
March 21st, 2011 19:04 h AC25 Block

26° 57.080N

94°40.998W

Point where MOCNESS came up

Location of the incident/Project
Group

Name of Person(s) involved: va

Employing Company: csa international

Type of Incident: Equipment damaged (MOCNESS 1)

Initial Potential Consequence: Mooring anchor buoys around Platform

Description of Incident happened at Diana Hoover AC Block 25 on 3-

Incident: 21-2011 at 19:04 h. As the system was brought back to
the surface during our regular Dusk Sampling Series we
hit something in 170 m of water (Based on computer
depth profile data). Stopped operations and assessed the
situation before continuing bringing MOCNESS to the
surface. After a few minutes it was agreed that was safe
to keep retrieving the system and Josh Bolles (CSA) at
the Winch was asked to bring system to the surface.
Once it reached the surface noticed the MOCNESS was
upside down. Immediately after was positioned on board
the deck of the Will Bordelon and inspected for damage.
Visibly one of its support legs was bent inward where the
impact may have occurred. The bracket holding the
Temp, Transmissivity and Fluorometer sensors was also
bent a little bit, but no damaged to any of the sensors.
Replaced damaged part.

Provide details of the incident including:

- Incident occurred 19:04 h on March 21st, 2011.
order of events:MOCNESS in the water, reached sampling max depth of 300 m (according to computer
data) closed net 0 and started retrieving MOC from this depth. Closed net 1 at 207 m and continued
bringing net to the surface. At 170 m hit something bringing winch to an abrupt stop. Assessed situation
and after a few minutes was decided that was safe to continue bringing system up. MOCNESS at the
surface visibly upside down. Net 2 closed and Net 3 tripped (never opened during ascend). System out of
the water and on board the Will Bordelon. On deck began inspection - noticed a visible bent on one of the
support legs. Also, a bit of damaged (bent) on the bracket of the housing of theTemp, Transmissivity,
Fluorometer sensors. Proceeded to replace leg support and moved to new location. Gunnison
Ernesto Calix, Josh Bolles (CSA); Phil Odegaards (Captain), James Akins (Captain); David Elliot(Deck
hand) & Don Jackson (Engineer) (Will Bordelon)
E. Calix (Project Scientist); J. Bolles (Scientist)
any relevant information available at the time of reporting: Suspected Pressure Sensor on MOCNESS to
be faulty and very likely net deeper than depth registered on computer.

- medical/emergency response details: N/A
any other important information: Weather conditions during towing marginal with 15 to 20 kt winds and 4
to 5 ft seas with occasional 6 fi.




Immediate Action: Immediate remedial action and actions to prevent
reoccurrence or escalation

In this section provide only immediate remedial actions (corrective) and actions TO PREVENT REOCCURRENCE.
Do not include medical response into this section

Remedial Actions:
Provide long term remedial actions (if identified at the stage of reporting). For the incidents requiring further
investigation do not include remedial actions. Those will have to be reported as a part of a final investigation report

Name: R. Ernesto Calix Title: Project Scientist 2 Date: 3-30-2011

Signature:
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CSA INCIDENT/ACCIDENT NOTIFICATION FORM

Email within 24 hrs to — Lynwood Powell, CSA Stuart Office — Ipowell@consheif.com

Originators Reference No: 2285-00C

Date of Incident: Time: Exact Location:
April 18, 2011 18:06 h ~100 -150 m S of 28° 05.266N; 87° 59.152W

Location of the incident/Project Group
Independence Hub/OOC

Name of Person(s) involved: N/A

Employing Company: N/A

Type of Incident: Damaged Equipment (MOCNESS)

Initial Potential Consequence: Beat drifted too close to platform during our Dusk Sampling Series at
Independence Hub.

Description of Incident: On April 18™ 2011 at 18:06 h ten minutes into our Dusk Tow Serles at
independence Hub MC920) 28° 05.266 N/-87°59.152W the boat drifted and entered within the 500 m buffer zone.
When | observed that the vessel was too close to the platform (~100 to150 m), | calied Josh Bolles (CSA) over the
radio at the winch and ordered him to abort the tow and bring the net up from its 263 m actual depth immediately,
The boat continued with its initial speed of 1.5 to 2.0 knots and NW heading, passing approximately 100 to 150 m
from the platform on the south side. After several minutes into its retrieval, the MOCNESS system struck something
at a 100 m depth (based on MOCNESS computer data and profile), bringing its ascend to a sudden stop. |
immediately asked the Captain of the Wil Bardelon (Cedric Scott) to stop the vessel to assess the situation before
continuing retrieving the system. Once it was determined that it was safe to keep bringing the system up, the
MOGCNESS was retrieved to the stirface. Only Net 0 had been opened, and all sensors were functioning and
recording data alt the way to the surface - even the damaged ones. At the surface, the damage to the MOCNESS
was assessed, The two leg supports were visibly bent inward, the flowmeter dangling with broken bracket, and the
step motor suspended in the air detached from its support end. The damaged parts were replaced, and we
continued with scheduled dusk sampling series.

- Weather conditions: 5 to 10 k winds, 1 kt current and 3 ft sweil.

- CSA personnel — Ernesto Calix (Project Scientist) Josh Bolles (Technician)

- Will Bordelon personnel — Cedric Scolt (Captain); David Elliot {deck hand); Stefan Plaisance (deck hand)
- Cause of the incident — Nothing obvious that may have caused the ship to get that ciose ta the platform.
- No medical/emergency required.

Immediate Action: Keep crew more alert of surroundings during each tow. Steer away from the platform if
starting to enter the 500-m buffer zone

Remedial Actions:

1. The Captain will meet with the on board CSA representative o complete a full JSA (Job Safety Analysis) for the
project.

2. BMI will host a safety and policy meeting on the vessel and prior to the next cruise date to verify everyone’s
understanding of the rules and protocols.

3. CSAwill instali its Hypack computer navigation system on an onboard computer, and a separate GPS will be
interfaced to the navigation computer. A real-time display wilt be provided on the bridge for the Captain and for
the CSA Field Lead. The real-time display will show a 500-m buffer zone around each platform and the location
of the vessel relative to the buffer zone.

4. Captain will plot a vessel course to remain at least 500 m from any structure, and the Captain will utilize the
proximity warning feature from the vessel's radar units to assure this distance.

Name: R. Ernesto Calix Title: Project Scientist Date: April 21, 2011

Signature:




INCIDENT/ACCIDENT NOTIFICATION FORM

Email within 24 hrs to — Lynwood Powell, CSA Stuart Office — Ipowell@conshelf.com

Originators Reference No: 2285-00C

Date of Incident: Time: Location: Diana Hoover - AC25 Block
June 12, 2011 18:43 h 1st Dusk Tow

Start 26°55.8455 N: 94°41.8747 W
End 26°57.0708 N; 94°41.3641 W

Location of the incident/Project Group

Diana Hoover

Name of Person(s) involved: N/A

Employing Company: N/A

Type of incident: Damaged Equipment (MOCNESS)

Initial Potential Consequence: None observed.

Description of Incident: The incident occurred at Diana Hoover {AC Block 25) on June 12, 2011 at
~18:43 h as the system was brought back from the 289-m maximum depth mark during the first regular
dusk sampling tow. Net 0 had been closed at the maximum depth, and Net 1 was opened and fishing.
As the net was being towed, a severe change in the angle of the net was observed on computer screen
at 229 m (based on computer depth data profile). The angle of the net went from the 33-35° to 89° in a
split second then returned to 35° where it remained for the duration of the tow. Immediately after making
this observation, Ernesto Calix (Field Team Leader, who was monitoring the computer screen) radioed
Josh Bolles (Field Team Operations, who was operating the winch) and asked if Josh had observed
anything unusual at the winch or cable. Josh responded that he had not observed anything unusuat.
Based on that assessment, the tow was continued, and the net system was fished per the sampling
protocol to the surface. When the net system arrived at the surface, damage was clearly evident. One
leg support was bent inward, and two nets were ripped at the distal end. One cod end was missing and
the other cod end was dangling from the remains of one of the ripped nets.

During the tow, the vessel was at least 643 meters from the platform, maintaining the required buffer
distance of 500m. The speed of the boat was about 2.5 knots at a heading of 45°N. The tow took four
minutes longer to complete because cable was paid out slower at the beginning.

The MOCNESS was repaired, but the remainder of the day's sampling was cancelled because the
sampling window for the dusk period had passed. The underwater unit was changed out with the spare
because it was not known how the incident affected its calibration. The unit will need to be returned to
the manufacturer for recalibration. Samples for the tow were discarded.

Will Bordelon - Cedric Scott (Captain); Phil Odegaards (Captain), Nick Breaux(Deck hand); Brent marcel
(Engineer); Jeromie Smith (Deck hand)

CSA - Ernesto Calix (Field Team Lead, Project Scientist); Josh Bolles (Operations Technician)
No medical incidents to report
Recalibrate underwater unit on MOCNESS will be required

Immediate Action: Adopt a radial tow pattern directed away from the three platforms that have anchor
chains emanating from the platform. These platforms are Diana Hoover, Gunnison, and Independence
Hub. Maintain all safety measures currently in place including Hypack system and radar alert to insure
the vessel does not encroach within the 500 m buffer during a tow.

Remedial Actions: Investigate the incident to determine potential causes of the incident and additional
remedial actions that are required to avoid additional incidents.

Name: R. Ernesto Calix Title: Project Scientist Date: June 29, 2011

Signature:
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Table C-1. Observed arithmetic mean count per unit effort (CPUE) for larval fish (individuals/m®) identified to the lowest possible
taxonomic level in the SEAMAP (1982 to 2008) and CWIS (2011 to 2012) databases for each biological zone (CWIS
station identifiers are given in the left column for each zone). Taxon highlighted with red boxes indicate commercially
important species that were converted to spawning female equivalents as per Gallaway et al. (2007) during the SWBBCS
(LGL Ecological Research Associates, Inc., 2009), which used SEAMAP data (1982 to 2004) only. Blank cells indicate
that the taxon was not observed in the SEAMAP database or CWIS tows.

Wi W5 Cc4 c5
Order Common Names Taxon
cBses | SEAMAP Ac2s | sEAMAP vkess | seamap | mcoszo | seamap
AMPHIOXIFORMES Lancelets
Lancelets Branchiostomatidae [ | [ | <0.00005
ELOPIFORMES Tarpons and ladyfishes
Ladyfishes Elopidae <0.00005 0.0001 0.0001 <0.00005
Ladyfish Elops saurus <0.00005
Tarpon Megalops atianticus <0.00005 <0.00005
ALBULIFORMES Bonefishes
Bonefishes Albulidae <0.00005
Bonefish Albula vulpes <0.00005
Halosaurs Motacanthoidei <0.00005
ANGUILLIFCRMES Eels
Freshwater eels Anguilliformes 0.0012 <0.00005 0.0004 0.0022 0.0062 0.0004 0.0002
Freshwater eels Anguillidae <0.00005
Spaghetti eels Moringuidae 0.0001 0.0001 <0.00005 <0.00005 0.0006 0.0001
Spaghetti eels Neoconger sp. <0.00005
Ridged eel Neoconger mucronatus 0.0002
False Moray eels Chlopsidae 0.0001
Moray eels Muraenidae 0.0004 0.0002 0.0005 <0.00005 0.0010 0.0002 0.0003 0.0001
Moray eels Gymnothorax sp. <0.00005
8nake eels and worm esls Ophichthidae 0.0001 0.0019 0.0004 0.0005 0.0004 0.0044 0.0003
Key worm eel Ahlia egmontis <0.00005
Academy eel Aplerichtus ansp <0.00005 =0.00005
Blotched snake eel Callechelys muraena <0.00005 <0.00005 <0.00005
Indifferent eel Ethadophis akkistikos <0.00005
Snake eels Letharchus aliculalus <0.00005
Worm eels Myrichthys sp. <0.00005
Worm eels Myrophinae 0.0001 <0.00005
‘Worm eels Myrophis sp. <0.00005
Snake eels Qphichthini sp. <0.00005 <0.00005 0.0001 <0.00005
Tusky eel Aplatophis chauliodus 0.0001 <0.00005 <0.00005 <0.00005
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Table C-1. (Continued).

i 8668 AC25 ] BEAMAP: SEAMAR -
Snake eels Gphichlhus sp. 0.0081 0.0001 0.0002 <0.00005 <0.00005
Margined snake ee! Ophichthus cruentiter <0.00005 <0.H0005
Shiimp eal Ophichthus gomesii 0.0005 <0.00005 0.0001 0.0001 0.0007 =0,000035
Blackpared eel Ophichthus melanaperus <0.00005
Patespotted zel Ophichthus puncliceps <0.00005 <0.00D05
King snake esf Ophichihus rex 0.0001 <0,00005 <0.00005
Antitfean snake eel Ophichifits spinfcauda <0.00005
Shott-maned sand eel Phaenomonas longissintus <0.00005
Worm eels Pseudomyrophis sp. <0.00005 <0.00095 <0.00005
Dimimative woim eal Fseudomyrophis fugesze <0.00005 o.0001 <0.00005
Snake eei Pseudomyrophis nimius <0.00005
Pike-conger eels turaenesocidae 0.6001 <0.00005 <0.00005 <0.00005 <0.00005
Snipe eals Nemichthyldae <0.00005 <0.00005 0.0001 0.0001 <0.00005
Conger eels and garden eals JCongridae 00009 0.0028 00012 0.0016 0.0029 0.0055 0.0004 0.0010
Bandiooth conger Arasoma balearicum <0.00005 <0.00005 <0.00005
Conger eals Arigsoma sefenops <0.06005
Garden eels Heteroconger sp. 0.0001
Speckied worm-eel Myrophis punclatus 0.0003 0.0002 0.0010 0.0002
Caonger eels Rhaynchaconger sp. . =0.00005
Cuithroal eels Synaphobranchidae 0.0001 0.0002 <0.00005 =0.00005 <0.00005
Arrowtoath esls lyiophinae <{,00005 <0.00005 <0.00005 <0,00005
:;:Moo!h eels and mustard Eyaphinae <0.00005
Cutthroat eels ilvophis sp. <0.00005
Conger eels Conger sp. <0.00005
Arravdtooth eels Dysomma sp. <0.00003
Arrowtaoth eels Dysomnina sp. o001 <0.00005 <0.00005
Shortbelly esl Cysomma anguillare 0.0002 0.0002 =(.00005 ©.0001 <0.00005 <0,00005
Duckbill eels Nettastomatidae 0.000% 0.0010 00014 0.0009 0.002 0.0023 0.0004 ¢.0005
Duckbill eals Hoplurinis sp. <0.00005
Spotted pike-conger Hoplunnis tenuis <0.00003
Duckbill eels Nellastoma sp. 0.0001 <0.00005 0.0001 <0.00005
Duckbiil eels Nellastoma melapurim <0.00005 <0.00005
Duckbill eels Savrenchelys sp. 0.0009
Longface eel Saurenchelys cognita ¢.a0
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Table C-1. (Continued).

Order Common Names Taxon L il =
GBSEs | sEAMAP Aczs | sEAMAP | VKess | SEAMAP | Mce20 | seAmap
SACCOPHARYNGIFORMES |Gulper eels
Il eels and gulper eels |Saccopharyngidae r <0.00005 l I I
CLUPEIFORMES Herrings and anchovies
Herrings Clupeiformes 0.0001 0.0001 0.0001 0.0001 0.0003 0.0020 0.0002 0.0001
Anchovies Engraulidae 0.0005 0.0142 0.0006 0.0105 0.0008 0.0584 0.0002 0.0033
Anchovies Anchoa sp. 0.0003 0.0006 0.0003 0.0005 0.0016 0.0001
Broad-striped anchovy Anchoa hepsetus 0.0001 0.0009
Longnose anchovy Anchoa nasuta <0.00005
Silver anchovy Engraulis surystole 0.0003 0.0001 0,0006 <0.00005 0.0016 <0.00005 0.0003
Herrings, pilchards, sardines Clupeidae 0.0001 0.0001 <0.00005 <0.00005 0.0001 0.0048 0.0002 0.0001
Menhadens Brevoortia sp. <0.00005 0.0003 0.0086 0.0014
Gulf menhaden Brevoortia patronus 0.0179
Atantic menhaden Brevoaortia tyrannus <0.00005
Herrings Etrumsus sp. <0.00005
Round herring Etrumeus teres <0.00005 0.0001 0.0001 0.0005 <0.00005 0.0001
Scaled herring Harengula jaguana 0.0025 0.0002 <0.00005 0.0006 0.0001 0.0001
Thread herings Opisthonema sp. 0.0001
Atlantic thread herring Opisthonema oglinum 0.0002 0.0011 0.0002 0.0326 0.0023 0.0004 0.0001
Spanish sardine Sardinella aurita 0.0001 0.0003 0.0007
Brazilian sardinella Sardinella brasiliensis 0.0001
Minnows and carps Elopichthys sp. <0.00005
ARGENTINIFORMES Ngepﬂnlas, deepsea smells, and
e, deepsoa smelts. and | e ool er 0.0004 0.0001 0.0002 0.0001 0.0001 0.0001 0.0002 0.0001
|Argentines Argentinidae 0.0002 0.0004 0.0002 0.0003 0.0003 0.0003 0.0002 0.0004
Argenlines Argenlina sp, <0.00005 <0.00005
Greater argentine Argentina silus <0.00005
Deepsea smells Microstomalidae <0.00005 0.0001 0.0001
Deepsea smelis Microstoma sp. <0.00005 <0.00005 <0.00005
Deepsea smelts Microstoma micrestoma 0.0001 <0.00005 0.0001 <0.00005 <0.00005
Spookfishes Opisthoproctidae <0.00005 0.0001 <0.00005
Spookfishes Balhylychnops sp. <0.00005 0.0001
pool Doli yx longipes 0.0001 <0,00005 <0.00005
Deepsea smelts Balthylagid; 0.0002 0.0007 0.0002 0.0011 0.0003 0.0009 0.0001 0.0013
Deepsea smelts Bathylaginae 0.0004 0.0002 0.0008 0.0004
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Table C-1. (Continued).

Order Common Names Taxon ks e o £
GBE68 SEAMAP AC25 SEAMAP VK289 SEAMAP Mce20 SEAMAP
Deepsea smelts Bathylagoides sp. <0.,00005 0.0001 <0.00005
Deepsea smelts Bathylagus sp. 0.0001 0.0002 0.0003 0.0002 0.0001 0.0002 0.0001 0.0002
Giey's deepsea smelt Bathylagichthys greyae <0.00005 <0.00005
Goiler blacksmelt Bathylagus euryops 0.0001 0.0001 0.0001 0.0001
Deepsea smells Bathylagus fongirostris <0.00005
Longsnout blacksmelt Dolicholagus longirosiris 0.0012 0.0014 0.0014 0.0018
Bigscale deepsea smelt Melanalagus bericoides 0.0001 <0.00005 0.0001 0.0002
Barreleyes Opisthoproctidae
Barreleyes Dolichopleryx sp. <0.00005
SALMONIFGRMES Salmons and smells
Smelts 0.0006 ‘ 0.0010 0.0004 0.0009
sTonFoRIES o
Dragonfishes Stomiifarmes 0.0001 0.0001 0.0004 <0.00005 <0.00005 <0.00005
Bristlemouths Gonostomatidae 0.0189 0.0315 0.01233 0.0349 0.0171 0.0476 0.0175 0.0313
Bristtemouths Benapartia sp. <0.00005 <0.00005
Bristemouths Bonapartia pedaliota <0.00005 0.0001 <0.00005 0.0003
Bristemouths Cyclothone sp. 0.0006 0.0160 0.0006 0.0252 0.0006 0.0124 0.0021 0.0216
Benttooth bristiemouth Cyclothone acclinidens 0.0001 <0.00005
Bristemouths Diplophos sp. <0.00005 <0.00005
Bristlemouths Diplophos taenia 0.0001 0.0001 0.0001 <0.00005 <0.00005 <0.00005 <0.00005
Bristlemouths Gonosfoma sp. 0.0001 0.0013 0.0007 0.0027 0.0001 0.0010 <0.00005 0.0012
Allantic fangjaw Gonostoma atlanticum 0.0005 <0,00005 0.0003 <0.00005 0.0005 <0.00005 0.0008 <0,00005
Spark anglemouth Gonostoma bathyphilum <0.00005
El d h k tum 0.0001 <0.00005 0.0001 0.0001 0.0001
Lightfishes Margrethia sp. 0.0001 <0.00005 <0.00005 <0.00005 <0,00005 <0.00005
Bighead pertholefish Margrethia obtusirost 0.0001 <0.00005 0.0002 0.0001 <0.00005 0.0001 <0,00005 <0.00005
Lightfishes Sigmops sp. <0.00005 0.0002 <0.00005
Hatchetfishes Sternoptychidae 0.0287 0.0078 0.0310 0.0114 0.0274 0.0070 0.0238 0.0080
Hatchetfishes Argyropelecus sp. 0.0013 0.0001 0.0014 <0.00005 0.0017 0.0001 0.0012 <0.00005
Lovely hatchetfish Argyropelecus aculeatus <0.00005 <0.00005 <0.00005
Pacific hatchetfish Argyropelecus affinis 0.0002 0.0004 0.0001 0.0002
Hatchetfishes Argyropelecus amabilis <0.00005
Half-naked hatchetfish Argyropelecus hemigymnus <0.00005 0.0001 0.0002 <0.00005
h h Argyropelecus sladeni 0.0001 0.0003 0.0002
Hatchetfishes Maurclicus sp. <0.00005
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Haichetfishes Pelyipnus latematus <0.00005
Hatchetfishes Polyipnus sp. 0.0003 0.0002 0.0007 0.0007 «0.00005
Round hatchetfish Polyipnus polli 90001 0.0001
Hatchelfishes Sternoptyx sp. 0.0009 0.0003 0.0008 0.0005 0.0008 0.0004 0.c015 0.000%
Highlight b ternoplyx pseudab <0.00005
Hatchetfishes Maurcliclnae 00001 0.0004 0.0003 0.0002
Hatchetishes Argyripnus sp, 0.0001 <0.00005
Halchetfishes Argyripnus atfanticus 00001 <0.00005
Atiantic pearlside Maurolicus weitzmani 0.0605 0.0003 0.0007 0.0008
Hatchetfishas Valenciennelius sp. 9.0001 0.0802 <0.00005 00001 <0.00005
Hatchetfishes Valenciennellus tipunctulatus 0.0032 <0.00005 0.0032 <0.00005 Q.0037 <0.00005 0.0034 0.0001
Lightfishes Phesichihyidas 0.003% <0,0000% 0.0043 0.0025 0.0001 0.0028 <0.00005
Lightfishes lehthyococcus sp. <0.00005
Lightfish fchith ovafys <0.00005 <0.00005 <0.00003 <0.00005 <0.06005 <0.06005 <0.00005
Lightfishes Poflichthys sp. 0.0001 <0.00005
Slareye lighifish Pollichthys mauli <G.00005 0.0002 0.0002 <0.00005 0.0005 0.0009
Lightlishes Vincigueria sp, 0.0033 0.0042 ¢.0023 0.0056 0.0024 0.0038 0.0035 0.0054
Lightfishes Waodsia sp. <0.00005 <0.00005
Sleader Lighifish Vinolgueria attenusta 0.0001 0.0028 0.0002 0.0032 0.001 0.0018 0.0003 0.0026
Qceanic lightfish Vinciguerria nimbaria 0.0002 0.0017 o.0001 0.0018 0.0003 00018 0.0003 0.0033
power's decpwaler biistemouth |, 0 o o powerias 0.0012 0.0003 00012 0.0008 0.0610 0.0004 0.0006 0.0085
Lighfishes Yareffa blackiordi <0.00005
Bigeye lightfish Wouodsia nonsuchas a.0c01 <0.00005 0.0003
Viperfishes Chaullodantidae 0.0006 0.00G1 0.0806 0.0002 0.0015 0.0002 0.0012 0.0003
Dana viperfish Chauliodus danae 00001 0.0008 0.0003 0.0006 ¢.0005 0.0003 0.0004 0.0004
Sloane's viperfish Chauliodus sloani o.0001 0.0002 0.0001 o.e001 0.0001 0.0603 <0.00005 0.0002
perfhes, diagenfihes, Stomiidae <0.00005 | 00007 06001 0.0001 0.0001 0.0004 0.0003
Dragonfish Bathophitus sp. 0.0001 <0,60005 <0.80005 0.0081 <0.00005
Highfin dragonfish Bathophitus Remingi <0.00005 <0.00005
Scaleless dragonfish Bathophilus migerrimus <0,00005
Viperfishes Chaufiodus sp. 0.0003 0.0002 0.0801 0.0005 0.0003 0.0002 0.0004 0.0003
Dragonfishes Melanostominae 0.0003 0.0003 0.0004 0.0004
DrzgonFshes Eustomias sp. 0.0002 <0.00005 0.c001 00001 0.000% 0.0001
Draganfishes Leptostomias sp. =<0.00005
Boafish, dragonfish Stomias sp. =<0.00005 0.0001 <0.00005 <0.00003 0.0601 <0.00305

o,
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Boa dragonfish Stomias boa <0.00005
Boafish, dragonfish Stomias ferox <0.00005
Loosejaws Malacosteinae <0.00005 <0.00005 0.0001 <0.00005 0.0001
Dragonfish Aristostomias sp. <0.00005 <0,00005
and yaths Astr thi 0.0002 0.0001 <0.00005 0.0001 0.0001 <0.00005 0.0001 0.0001
and th A hes sp. 0.0002 <0.00005 0.0001 0.0002
Loosejaws Fhotonectes sp. 0.0001
Loosejaws Phaotostomias sp. <0,00005 <D.00005 <0.00005
Lodsejavs Photoslomias guernei <0.00005
Black dragonfishes Idiacanthinae <0.00005 <0.00005 <0.00005
Dragonfishes Melanostomiidae 0.0002 0.0001 0.0001 0.0001 0.0004 0.0001 0.0004 0.0003
Dragonfishes Melanostomias sp. <0.00005 0.0001 0.0001 0.0001 <0.00005 0.0001 0.0001 0,0002
Black dragonfishes Idiacanthidae <0.00005 <0.00005
ibbon savdail fish Idiacanthus fasciola 0.0001 <0.00005 <0.00005 <0.00005 <0.00005
Flaghins, greeneyes, pearleyes,
AULOPIFORMES ardis! batracudinas,
da;;enuolhs. and |z h
Flagfins Aulopidae <0.00005 <0.00005
Flagfins Aulopus sp. <0.00005 <0.00005 0.0001 <0.00005 0.0002 <0.00005 <0.00005 <0.00005
Flagfin Aulopus nanae <0.00005 0.0001 0.0001
Lizardfishes Synodontidae <0.00005 00113 0.0005 0.0045 0.0002 0.0206 0.0001 0.0020
Lizardfishes Saurida sp. 0.0018
Largescale lizardfish Sawrida brasiliznsis 0.0049 0.0001 0.0002
Lizardfishes Synodus sp. 0.0001 0.0009 0.0001 <0.00005
Inshore lizardfish Synodus foetens 0.0002 0.0001 0.0003 0.0001 0.0001 <0.00005
Diamand lizardfish Synodus synodus <0.00005
Snakefish Trachinocephalus myops 0.0001 0.0003
Waryfishes Notosudidae <0.00005 <0.00005 <0,00005
Waryfishes Ahliesaurus berryi 0.0001
Greeneyes Chlorophthalmidae 0.0002 0.0001 0.0005 <0.00005 <0.00005 0.0001 0.0001 0.0001
Greeneyes Chlarophthalmus sp. 0.0001 <0.00005 <0.00005 <0.00005
Shortnose greeneye Chlorophthalmus agassizi 0.0004 0.0004 0.0002 <0.00005 0.0001 0.0002 0.0002 0.0002
Longnose greencye Parasudis lruculenta 0.0002 0.0001 0.0001
Blind lizardfishes Ipnopidae 0.0001
Tripodfishes Bathypterois sp. <0.00005
Marion's spiderfish Balhytyphlops marionae <0.00005
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Waryfishes Notosudidae <0.00005 00001 <0.00005 <0.00005 <0.00005
Lancetfishes Scopsfosaurus sp. =0.00005 <0.00005 <0.00085 <0.00005 <0.00005
Maul's waryfish Scopefosaurus maull <0.00005 <{0.00005 «<0.08005
{ liz: pek us smithii <0.00005 =0.00005
Lancelfishes Alepisauridag 0.0001 <0.00005 0.0002 <D.00005 <0.00005
Lancetfishes Alepisawus sp. <0.00005 <0.00005 <0,00005 =0.00005 <0.00005
Leng ited § Alepi ferox <0,00005 <0.00005
Omaesudid Omosudis sp. 0.0001
Omosudid Omosudis towei 0.0001 <0.00005 <0.00005
Sabertooth fishes Evermannellidac 0.0002 0.0008 <0.00005 0.0002 <0.00005 0.0008
Atlantic sabretoath Coccorella affantica <0.00005
Lancetfishes Evermannella sp. 0.000% ¢.0001 <0.03005 <0.00005
Balbo sabreteoth Evermannelia balbo 0.0001 =0.00005 2.0001
Intlan sabreteoth Evermannelta melanoderma <0.00005 <0.00003
ot P " o r . <0.00005
Baracudinas Paralepididae 0.0058 0.0072 0.0063 0.0092 0.0065 0.0088 0.0050 0.0076
mﬁ?ﬂg;;‘:w‘ﬁﬂa' spotied Arclozenus risso <0.000G5
Bairacudinas Lestidiops sp. 6.0001 0.0001 o.0001 =0.00C05 0.0001 <{0.00005
Bamacudinas Lestidium sp. 0.0003 =0.00005 0.000% <0.00005
Barracudinas Lestrolepls sp. 0.0004 0.0003 0.0014 0.0001
Bairacudinas Macroparalepis sp. 9.000f <0,00005 G.0061 o.00m
Barracudinas Parafepis sp. <0.00005 <0.00005 <0.00005 <0.00005 <0.00005
Barracudinas Stemoniasudis sp. <0.00005
Barracudinas Sudis sp. 0.0601 0.0001 0.0001 ©.0005 0.0001 0.0001 0.0601 0.0004
Baracudinas Uncisuolis sp. 0.0001 <0.00005 <0,00005
Bamacudinas Lestidiops sffinis <0.00005 00001 0.0002 0.0001
Pacific barrcudina Lestidiops jayakari 0.0001 <0.00005
Bamacudinas Lestidiops mirabilis <0.00005
Attantic barracudina Lestidium atiznticom 0.0001 <0.00005 0.0003 <0.06005 ©.0001 0.0001 0.0002 <0.00005
Baracudinas Lesfrolepis intermedia 0.0001 Q.0004 0.0002 .0002
Baracudinas Macroparalspis affinis <0,00005 <0.00005 <0.00005
Duckbill baracudina Paralepis atiantica <0.00005
Barracudinas Parafepis brevirostrs <0.00005
]Banacudinas Stemonosudis butlisi <0.60009
[Rolnschild's St s 7 <0.00005
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Barracudinas Sudis alrox 0.0005 0.0003 0.0001 0.0001
Barracudinas Sudis hyalina 0.0001 0.0001 0.0001 0.0001 0.0002 0.0001 0.0002 0.0001
Barracudinas Uncisudis advena <0.00003 0.0001
Barracudinas Uncisudis quadrimaculata <0.00005 <0.00005
Pearleyes Scopelarchidae 0.0003 0.0019 0.0012 0.0032 0.0002 0.0023 0.0003 0.0029
Pearleyes Scapelarchus sp. 0.0002 0.0005 0.0003 <0.00005 0.0003 <0.00005
Zugmayer's peatleye Benthalbella infans <0.00005 <0.00005
Pearlside Maurolicus muelleri 0.0095 0.0057 0.0141 0.0075
Dana pearleye Scopelarchoides danae <0.00005
Short fin pearleye Scopelarchus analis 0.0003 0.0003 0.0002 0.0002
Staring pearleye Scopelarchus guentheri 0.0001 <0.00005 <0.00005 <0.00005
Bigfin pearleye Scopelarchus michaelsarsi <0.00005
Bathysaurids Bathysauridae <0.00005 <0.00005
Bathysaurus Balhysaurus sp. 0.0001 <0.00005 <0.00005
Highfin lizardfish Bathysaurus mollis 0.0003 0.0001 <0.00005
Telescopefishes Giganturidae <0.00005
Telescopefishes Gigantura sp. <0.00005
Telescopefish Giganlura indica <0.00005 <0.00005

MYCTOPHIFORMES Lanlernfishes

Lanternfishes Myctophilormes 0.0003 0.0002 0.0003 0.0003
Lanternfishes Damaged Myctophidae <0.00005 0.0005 0.0004
Lanternfishes Myctophidae 0.0780 0.0516 0.0818 0.0523 00737 0.0439 0.0949 0.0508
Lanternfishes Benthosema sp. 0.0100 <0.00005 0.0155 0.0001 0.0083 0.0004 0.0134
Lanternfishes Centrobranchus sp, 0.0001 0.0001 <0.00005 0.0001 0.0001 0.0001
Lanternfishes Ceratoscopelus sp. 0.0043 0.0026 0.0016 0.0047 0.0024 0.0036 0.0038 0.0065
Lanternfishes Diogenichthys sp. 0.0001 <0.00005 0.0001 0.0001 0.0001
Lanternfishes Gonichthys sp. <0.00005 0.0001
Lanternfishes Hygophum sp. 0.0023 0.0162 0.0018 0.0165 0.0055 0.0122 0.0040 0.0276
Lanternfishes Myctophum sp. 0.0049 0.0071 0.0037 0.0072 0.0062 0.0080 0.0033 0.0188
Lanternfishes Symbolophorus sp. 0.0001 0.0002 <0.00005 <0.00005
Lanternfishes Bolinichthys sp. <0.00005 <0,00005 <0.00005 <0.00005
Lanternfishes Ceratoscopelus sp. 0.0043 0.0026 0.0016 0.0047 0.0024 0.0036 0.0038 0.0065
Lanternfishes Diaphus sp. 0.0054 0.0377 0.0059 0.0315 0.0087 0.0522 0.0052 0.0530
Lanternfishes Lampadena sp. 0.0007 0.0002 0.0007 0.0003 0.0003 0.0003 0.0004 0.0002
Lanternfishes Lampadena urophaos allantica <0.00005
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|aniernfishes Lampanyctus sp. 0.0010 0.0043 00013 0.00t8 0.0039 0.0021 0.0082
Lanternfishes Lepidophanes sp. <0,00005 <0.00005 <0.00005 <0.00005 0.0601
Lanternfishes Lobianchiasp. 0.6001 <0.00005 <0.00005 0.0009 0.0002
Lanternfishes Myelophum sp. 0.0049 200741 9.0037 0.0062 9.0080 0.0033 00188
Lanteinfshes Napnobrachiun sp. 0.0081 0.0003 0.0004
1antetnfishes Nololychnus sp. 0.000H <G.00005 0.0001 <0.00006 <0.00005
Lanternfishes iNoloscopelus sp. 0.0081 <0.00005 0.0004 <0.00005 <(.00005 <0.00005 0.0005 o.q001
Lanternfishes Taaningichthys sp. <0.00005 <0.00005
Glacier lantemfish Benthesema glaciale <0.00005 <0.60005
Smalifin Jantemnfish Benlhosema suborbitale 0.0036 0.0003 0.0028 0.c008 0.0042 0.0007 0.0035 2.0012
Raundnose Ianternfish Centrabranchus nigroocelialus 0.0004 0.6063 0.0004 0.0005 0.0003 0.0005 0.0003 0.0009
Lengfin Janterafish Dingenichthys atlanlicys 0.0044 0.0053 0.0033 0.0085 0.0048 0.0044 0.0038 00082
Electric fantemfish Efecirona risso 0.01102
Coccod's lanternfish Gonichthys cocco 0.0001 00002 <0.00003 0.0004 00001 0.0002 <0,00005 0.0007
Benoit's tanlemfish Hygaphum benoii <0.00005 0.0001 <0.00005 <0.00005
Bermuda | Hygophum hygomi .0009 0.0602
Bermuda |, Hygophum hygomii <0.00005
Large-finned lanterfish Hygophum macrochir <0,00005 <0,00005

Hygug inhardtii 0.0006 0.0014 0.0005 0.0024 0,0006 0.0003 0.0005 0.0021

Taning's fanlemfish b husm taaningi <0.40005 <0,00005 =0.00005 <0.00005
Metallic lanternfish Myctaphum affine <0.00005 00003 0.0004 <(:,0G005 6.0012 0.0001 0.0004
Prickly lanternfish Myctophum aspenim 0.0001 0.0001 <0.00005 0.0001 <0.00005 0.0001 <0.00005
Pearly fantemfish Myctaphum nitidutum 0.0c0% ©.0001 0.0001 =<0.00093 0.0601 4.6001 <0.00005
Sl Mycfom biusirost: <0.00005 <0.00005
Spotted lanternfish Mycfophum punctafum <(.00005
Wisner's lanlerlish Mysctophum selenops <0.00005 © <0.60005 <0,00005 <(.00005 <0,00005
Lanternfishes Symbolophorus rufinus 0.0001 «0.00003 <0.00005 <0.00005
Large-scele lantemfish Symbofophorus veranyi <0,00005
Spurcheek Bolinichthys photolth <0.00005 =0.90005 <{.00005
Madeira larlemfsh Ceraloscapeius maderensis 0.0005 0.0006 0.0004 <0.00005 0.0009
[Warming's fanlernfish Ceratoscopels warmingi <0.00085 00001 0.0001 0.0003 <0.00005 0.0006 9.0001
Laniernfishas Diaphus sp. 0.0054 0.0377 Q.0059 0.0315 0.0097 0.0522 0.0052 0.0530
Sherd-ieaded lanternfish Diaphus brachycephalus <0.09005
Lanternfishes Diaphus dumenii <0.00005 <0.00005 0.0001 0.0002
Fragile taniernfish Diaphus fragifis <0.00005
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‘Garman's lanternfish Diaphus garmani <0.00005
Soft lanternfish Diaphus mollis <0.00005 <0.00005 <0.00005 <0.00005
Transparent lanternfish Diaphus perspicillatus <0.00005
Problematic lanternfish Diaphus problematicus <0.00005 <0.00005
White-spotted lanternfish Diaphus rafinesquei <0.00005 0.0001
Lanternfishes Diaphus sublilis <0.00005
Slopewater lanternfish Diaphus taaningi <0.00005 0.0001
Taaning's lanternfish Diaphus termophilus <0.00005
Sunbeam lampfish Lampadena urophaos 0.0001 <0.00005 <0.00005
Winged lanternfish Lampanyctus alatus 0.0001 0.0001 <0.00005
Lanternfishes Lampanyctus cuprarius <0.00005
Noble fampfish Lampanyctus nobilis <0.00005 0.0001 <0.00005 <0.00005
Pyamy lanternfish Lampanyctus pusilius <0.00005 <0.00005
Lanternfishes Lepidophanes gaussi 0.0001 <0.00005 <0,00005

sl Lepidoph guentheri 0.0001 0.0001 <0.00005 <0.00005 0.0001
Dofleini's lanternfish Lobianchia dofleini <0.00005
Cocco's lanternfish Lobianchia gemellari 0.0001 <0.00005
Dusky lanternfish Nannobrachium atrum 0.0001 0.0001
Lanternfishes | Nannobrachium lineatum <0.00005
Lanternfishes Nololychnus resplendens <0.00005
Topside lampfish Nololychnus valdivias 0.0009 0.0102 0.0007 0.0131 0.0006 0.0055 0.0008 0.0088
Lobisomem Notoscopelus caudispinosus 0.0004 <0.00005 0.0001
Patchwark lampfish Notoscopelus resplendens 0.0001 0.0005 0.0001 0.0006 <0.00005 0.0005 0.0001 0.0007
Waisicoat lanternfish Taaningichthys minimus <0.00005 <0.00005

LAMPRIDIFORMES Opahs
Tapertail Radilcephalus elangafus I <0.00005 <0.00005 0.0001
GADIFORMES Cods, codlets, rataifs, and hakes

Muraenoclepidids Gadiformes 0.0002 <0.00005 0.0001 0.0002 0.0011 0.0005 0.0003
Codfishes, haddocks and allies  |Gadidae <0.00005 <0.00005 0.0002 0.0002 0.0001
Fourbeard rockling Enchelyopus cimbrius <0.00005
Cadlets Bregmacerotidae 0.0047 0.0008 <0.00005 0.0011 0.0011
Codlets Bregmaceros sp. 0.0005 0.0592 0.0014 0.0212 0.0008 0.0564 0.0010 0.0153
Antenna codlet Bregmaceros alfanticus 0.0075 0.0072 0.0042 0.0045
Striped codlet Bregmaceras cantori 0.0048 0.04486 0.0186 0.0039
Stellate codlet Bregmaceros houdei <0.00005
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fﬂ’ﬁmf"" bathygadids, rattails, | d 0.0003 <0,00005 0.0002 0.0002
Rattails and grenadiers Macrouridae <0.00005 0.0001 0.0001 0.0002 0.0002 0.0002 0.0002 0.0002
Rattails and di Coryp ides sp. 0.0001 <0.00005 0.0001 0.0002
Rattails and di Corypi ides sp. <0.00005
Western Allantic grenadier Nezumia atlantica <0.00005
Morid eels and morays Moridae 0.0012 0.0001 <0.00005 0.0001 0.0001 0.0001
Beardless codling Gadella imberbis <0.00005 0.0001
Hakeling Physiculus fulvus 0.0001 <0.00005 <0.00005
Hakes Merlucciidae <0.00005 0.0001
Hakes Steindachneriinae <0.00005
Codlets Merluccius sp. <0.00005
Luminous hake Steindachneria argentea 0.0001 <0.00005
Phycid hakes Phycidae <0.00005 0.0002 <0.00005 <0.00005
Codlets Urephyeis sp. <0.00005 <0.00005 <0.00005 <0.00005 0.0003 0.0001 0.0001
Longfin hake Urophyeis chesteri <0.00005 <0.00005 <0.00005
Red hake Uraphyeis chuss <0.00005
Southern codling Urophycis floridana <0.00005
Spolted codling Urophyeis regia <0.00005 <0.00005 <0.00005 <0.00005
OPHIDIIFORMES Cusk-eels and brolulids
Cusk-eels and brotulids Ophidiiformes <0.00005 <0.00005 <0.00005
Livebearing brotulas Bythitidae <0.00005
Brotulas Bythitinae <0.00005
Cusk-eels Ophidiidae 0.0001 0.0015 0.0003 0.0006 0.0002 0.0044 0.0002 0.0007
Brotulids Brotulidae <0.00005
Brolulids Brotula sp. <0.00005 0.0001 <0.00005 0.0004 <0.00005
Bearded brotula Brolula barbata 0.0001 <0.00005 0.0002 <0.00005
Aphyonids Lepophidium sp. 0.0001 0.0003 0.0004 0.0002
Blackrim cusk-eel Lepophidium profundorum <0.00005 <0.00005
Barred cusk-eel Lepaphidjum staurophor <0.00005 0.0001 0.0001 0.0001
Aphyonids Ophidien sp. 0.0002 0.0004 0.0001 0.0002
Blotched cusk-eel Ophidion grayi <0.00005
Letter opener Ophidien nocomis <0.00005
Colonial cusk-ee| Qphidion robinsi <0.00005
Pearlfishes Carapidae 0.0001 <0.00005 <0.00005 <0.00005 0.0001 0.0002 0.0001 0.0001
Pearlfish Carapus sp. 0.0001 <0.00005 <0.00005 <0.00005
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Pearlfish Carapus bermudensis 0.0001 0.0002 0.0001
Chain pearlfish Echiodon dawsoni 0.0001 0.0001 <0.00005 0.0001
Pearlfish Snyderidia canina <0.00005 <0.00005 0.0001 0.0002
LOPHIIFORMES Anglerfishes
Goosefishes and monkfishes Lophiiformes 0.0001 0.0001 <0.00005
Goosefishes and monkfishes Lophiidae <0.00005 <0.00005
Anglerfishes Lophiodes sp. <0.00005
American angler Lophius americanus <0.00005 <0.00005
Blackfin goosefish Lophius gastrophysus <0.00005
Frogfishes Antennariidae <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005
Singlespot froglish Antennarius radjosus <0.00005 <0.00005 <0.00005
Sargassumfish Histrio histrio 0.0019 0.0008 <0.00005 0.0012 0.0013 <0.00005
Batfishes Ogcocephalidae <0.00005
Pancake batfish Halieutichthys aculealus <0.00005 <0.00005
Seadeulls, davifishes, d2epea | seratinidel 0.0001 00012 00007 | <0.00005 | 0.0013 0.0001 0.0010
Fanfins Caulophrynidae <0.00005 0.0001 0.0001 <0.00005
Fanfins Caulophryne sp. 0.0001 <0.00005 <0.00005
Fanfin angler Caulophryne jordani 0.0001 <0.00005 0.0001 <0.00005
Seadevils Ceratiidas 0.0001 <0.00005 0.0001 <0.00005 0.0001 0.0001 0.0001 0.0001
Tripleviart seadevil Cryptopsaras couesil <0.00005 <0.00005
Footballfishes Himantolophus sp. <0.00005
Deepsea anglerfishes Neoceralias spinifer <0,00005 <0.00005
Metdevils Linophrynidae 0.0001 <0.00005 <0.00005
Netdevils Linophryne sp. 0.0001 0.0001
Deepsea anglers Linophryne arborifera 0.0001 0.0001 <0.00005 <0.00005
Soft leafvent angler Edriolychnus schmidti 0.0001 0.0001 0.0001
Netdevils Oreophryne apagon <0.00005
Dreamers Oneirodidae <0.00005
Dreamers Dolopichthys sp. <0.00005
Whatehead dreamer Lophodolus acanthognathus <0.00005
ATHERINIFORMES Silversides
New World silversides Atheriniformes <0.00005
New World sil <0.00005 0.0002
Silversides Atherinopsidae <0.00005
Mullets Mugilidae 0.0001 0.0002 <0.00005 0.0001 <0.00005 0.0013 <0.00005 0.0003
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Order Common Names Taxon i o & £
GBG668 SEAMAP AC25 SEAMAP VKe89 SEAMAP Mc9zo SEAMAP
Mullets Mugi! sp. 0.0002 0.0003 0.0001 0.0020 0.0001 0.0015 <0.00005 0.0003
Striped mullet Mugil cephalus 0.0001 0.0008 0.0007 0.0008 0.0003
White mullet Mugil curema 0.0009 0.0010 0.0001 0.0001 0.0001 <0.00005 0.0001
BELONIFORMES i dl":;:;:; UATE G
Flyingfishes Beloniformes <0.00005
Flyingfishes Exocoetidae <0.00005 0.0002 0.0004 0.0007 <0.00005 0.0006
Flyingfishes Exocoelus sp. 0.0001 <0.00005
Flyingfishes Cheilopogon sp. <0.00005
Tropical two-wing flyingfish Exocoetus volitans <0.00005 <0.00005
Halfbeaks [Hemiramphidae <0.00005 <0.00005 <0.00005
Halfbeaks Hemiramphus sp. <0.00005
False halfbeak Oxyporhamphus micropterus similis 0.0001 <0.00005
Needlefishes Belonidae <0.00005 <0.00005 <0.00005
Tinselfishes |Grammicolepididae <0,00005
Allantic saury Scomberesox saurnis <0.00005 <0.00005
LAMPRIDIFORMES Opahs, lube-eyes, and
Onahe, Uneeyesand Lampridiformes <0.00005 <0.00005
Opahs Lampridae <0.00005
Opahs Lampris sp. <0.00005
Opahs Lampris guttalus <0.00005 <0.00005
Ribbonfishes Trachipteridae <0.00005 <0.00005 <0.00005 <0.00005
Ribbonfishes Trachiplerus sp. <0.00005
BERYCIFORMES Squirrelfishes and soldierfishes
Squirrelfishes and soldierfishes | Beryciformes <0.00005 <0.00005 <0.00005 <0.00005
Fangtooth fishes Anoplogasteridae <0.00005
Shorthorn fangteoth Anoplogaster brachycera <0.00005
Alfonsinos Berycidae <0.00005
Alfonsinos Beryx sp. <0.00005
Black discfish Diretmichthys parini <0.00005 <0.00005
Spinyfin Diretmus argenteus <0.00005 <0.00005 <0.00005
qui and soldierfish Hol 0.0001 <0.00005 0.0001 0.0001
|Squirrelfishes Holocentrus sp. <0.00005 0.0001
Blackbar soldierfish Myripristis jacobus 0.0001
|Squirrelfishes Sargocentron sp. <0.00005
Dusky squirrelfish Sargoceniron vexillarium <0.00005
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Order Common Names Taxon wi We i
GBE68 1 SEAMAP AC25 SEAMAP VK989 SEAMAP MC820 SEAMAP
GASTEROSTEIFORMES Tubesnouts
Tubesnouts Gasterosteiformes <0.00005
Trumpetfish Aulostomus maculatus <0.00005
STEPHAMOBERYCIFORMES |Bigscale fishes and ridgeheads
Bigscale fishes and ridgeheads |Melamphaidae <0.00005 0.0011 0.0004 0.0014 0.0001 0.0012 0.0001 0.0017
Bigscale fishes and ridgeheads |Melamphaes sp. 0.0014 0.0001 0.0013 0.0017 <0.00005 0.0012 <0.00005
|Highsnout p A J lugubris 0.0001 <0.00005 0.0001
Ridgehead Melamphaes simus 0.0003 0.0009 0.0005 0.0004 0.0001 0.0006 0.0002 0.0005
Shoulderspine bigscale Melamphaes suborbitalis <0.00005 <0,00005 <0.00005
Bigscale fishes and ridgeheads | Poromitra sp. <0.00005 <0.00005
Bigscale fishes and ridgeheads | Poromitra megalops <0.00005
Bigscale fishes and ridgeheads | Scopeloberyx sp. 0.0002 <0.00005 <0.00005 0.0001 <0.00005 0.0002 <0.00005
Bi le fishes and ridgehead: peloberyx opisthopt <0.00005
Longjaw bigscale Scopeloberyx robustus <0.00005 <0.00005 0.0001 <0.00005 <0.00005 <0.00005
Bigscale fishes and ridgeheads | Scopefogadus sp. <0.00005 <0.00005 <0,00005 <0.00005 0.0001
Bigscale fishes and ridgehead logad izolt <0.00005
Red velvet whalefish Barbourisidae <0.00005
Hairyfishes and mirapinnids Mirapinnidae <0.00005 0.0001 <0.00005 <0.00005
Ribbonbearers and tapetails Eutaeniophorinae <0.00005
Hairyfishes and mirapinnids F phorus gulosus <0.00005
POLYMIXIIFORMES Beardfishes
Beardfishes Polymixiidae <0.00005 <0.00005 <0.00005
Beardfishes Polymixia sp. 0.0001 0.0001
Beardfish Polymixia lowei 0.0004 <0.00005 0.0007 <0.00005 0.0003 0.0001 <0.00005
Stout beardfish Polymixia nobilis <0.00005
Beardfishes Polymixia tawel 0.0001
ZEIFORMES fish
Deepbody boarfish Antigonia capros 0.0001 0.0001 <0.00005
Diamond dories Grammicolepididae
Spotted tinselfish Xenolepidichthys dalgleishi 0.0002
Buckler dory Zenapsis conchifera <0.00005
SYNGNATHEORMES | ampetshes
Snipefishes Macrorhamphosidae <0.00005 <0.00005
Snipefish Macrorhamphosus sp. <0.00005 <0.00005 <0.00005
Longspine snipefish Macrorhamphosus scolapax 0.0002 0.0001 0.0003
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Order Common Names Taxon Vit Y £
GBe6B SEAMAP AC25 SEAMAP VK989 SEAMAP MCoz0 SEAMAP
Cornetfishes Fistulariidae <0.00005 0.0001 <0.00005 <0.00005
Cornetfish Fistularia sp. <0.00005
Pij and seah yngs i <0.00005 <0.00005
Pipefishes and seah Sy hidi <0.00005 <0.00005 0.0005 <0.00005
Pipefishes Syngnathus sp. 0.0001 <0.00005 <0.00005 <0.00005
Gulf pipefish Syngnathus scovelli <0.00005
DACTYLOPTERIFORMES Gurnards
Flying gurnard Daclylopterus volitans | <00o00s | <o.00005 | <0.00005 <0.00005 | <0.00005
SCORPAENIFORMES Scarpionfishes
Scorpionfishes Scerpaeniformes 0.0001 <0.00005 0.0002 0.0001
Scorpionfishes Scorpaenidae 0.0001 0.0010 0.0004 0.0002 0.0003 0.0039 0.0004 0.0007
Scorpionfishes Pontinus sp. <0.00005 <0.00005 <0.00005
Midh P Ectreposep imus <0.00005
Blackhbelly rosefish Helicolenus dactyloplerus <0.00005
Highfin scorpionfish Pontinus rathbuni 0.0001 0.0001
Scorpionfishes Scorpasna sp. 0.0005 0.0024 0.0010 0.0005
Smoolh-cheek scorpionfish Scorpaena jsthmensis <0.00005
Searohins Triglidae 0.0003 0.0002 0.0005 0.0002
Armored searchins Peristadion sp. <0.00005 <0.00005
Searobins Prionotus sp. 0.0001 0.0002 0.0001 0.0001 0.0001
Armored searobins Peristediidas <0.00005
Poachers Agonidae 0.0002 0.0001 <0.00005 <0.00005
Lumpfishes Cyclopteridae 0.0001
PERCIFORMES Perch-ike fishes
Classfishes Perciformes 0.0005 0.0012 0.0003 0.0003 0.0008 0.0016 0.0007 0.0006
Boneyfishes Percoidei 0.0003 0.0002 0.0005 0.0003
|Acropomatids Acropomatidae 0.0001 0.0010 0.0001 0.0003 <0.00005 0.0004 0.0002
Acropomatids Synagrops sp. 0.0001 0.0002 0.0001 0.0002 0.0001 0.0004 <0.00005 0.0001
Blackmouth bass Synagrops bsllus <0.00005 <0.00005 <0.00005 <0.00005
Keelcheek bass Synagrops spinosus 0.0002 0.0004 0.0001 0.0001
Slopefishes Symphysanodan sp. <0.00005 <0.00005
Oceanic basslets Howellidae <0.00005 <0.00005
Oceanic basslets Howella sp. 0.0005 0.0018 0.0003 0.0015 0.0003 0.0008 0.0003 0.0017
Pelagic basslet Howella brodisi 0.0002 <0.00005 <0.00005 0.0001
Sea basses Serranidae 0.0002 0.0009 0.0005 0.0014 0.0005 0.0039 0.0004 0.0019
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Order - S
: i oy SEAMAP.. SEAMAP -

Seabasses Anthiinag <0.00005
Sea basses Caniropristis sp. 0.0005 0.0004 0.0003 0.0001
Black sea bass Cenlropristis siriala 0.0001 0.000 <0.00005
Sea basses Diplactnim sp. G.0007 <0.0000% 0.0005 0.0004 0.0001
Apricat bass Pleciranthias gatrupeiius <0.02005 <0.00005
Roughtangue bass Pronologrammus sp. <0.,00003 «0.00005
Streamer bass Frenolegrammus awerobens <0.00003 =(,00003 <0.00005
Roughtongue bass Pronologrammus marinicensis 4.0001 0.0001 9.0001 <0.00005 0.00G1 <0.00005
Pygmy sea bass Serraniculus sp. <(.00005
Pygmy sea bass Serraniculus pumitic <0.00005 0.0001 <0.00005
Sea basses Serranlis sp. 0.0002 0.0006 0.0051 0.0014 0.0008 0.0005 ©.0005 0,0006
Saddle hass Serranus nolospifus 00001
{Harlequin bass Serranus fHgrinus 0,000 0.0003 0.0001 <0.00005
Basslets Grammatidae
Basslets Lipogramma sg. <0.00005
Groupers iEpinzphellnae 00001 <0.00005 0.0002 0.000%
Graupers Eplnephelini
Groupers. Epinephelus sp. <(.00005 <0.00005 <0.00005 <0.64005 =0.0000% o000
Cave bass Liepropoma sp. 0.0002 0.0002 60001 0.0001 <0.00805
Eyestripe bass Ligpropoma aberrans <0.00003 <(.00005
Groupers Mycleroperca sp. <0.G0005 a.c001 <0.00005 <D.00005 <0.00005 «0.00005
Gag Myclaroperca microfepis <0.00003
Soapfishes Grammistinae <0,00005 <D.00005 0.0002 9.0001
Soaplishes Grammistini 0.000¢ 0.0001 0.000% 0.0001
Soapfishes Psoudogramma sp. =0.00005
Reaf hass Pseudogramma gregoryi 0.0001 0.0601 0.0002 <{0.00005
Biadefin bass Jehoehiida gladifer <0, 06005
Seabasses Anthias sp. 0.0001 0.0005 0.0007 0.0004 <0.00005 0.6009 =0.00005 0.0005
Yellowfin bass Anthias nicholsi 0.0001 0.0003 00202 0.0001 0.0001 0.0003 G.0004
Swallowtail bass Anlhias woodsi <0.00005 <0.00005 <0.00005 <0.00005
Sea basses Hemanlhias sp. 0.0001 <0.00005 0.0001 0.0002 0.0002
Slreanier bass Hemanthias aurenrubens <0.00005 <0.00005 <0.00005
I.onglail bass Hemanihias leplus 0.0001 <0.00005 <0.00005 <0.00005
Red barbier Hemanthias vivanhus <0.00005 0.0001 «0,00005 0.0001 0.0003 <0.00005 0.0001
Soapfishes FRyplicus sp. «0.00005 <0.00085
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wlaces o A R L] AC920 " SEAMAD

Bigeyes | Priacanthidae 0.0001 0.0002 0.0002 0.0001 0.000%
JBiuayes Heterapriacanthys sp. <0.00005

Bigeyes Priacanihus sp, <0.00005 <0.00005 <0.00005

Allanic bigeye Friavanthus arenatis 0.0001 <0.00005
Shori bigeye Frisligenys afta 0.0001 <0.06005 0.0601 ¢.0001

Boarfishes Caproldae <0.00005 <0.00005
Boarfishes Anfigonia sp. <0.00005 00001 <{.00005
Cardinalfishes Apogenidae 0.0001 00003 <{.00005 0.0003 0.0003 <0.00605 0.0003
Cardinalfishes Apagon sp. <¢.00005 0.0001 0.0002 0.0001 <0.00005 0.0001 2.0001 0.0001
ridle cardinalfish Apugon aurclineatus <0.00005 <0.00005

Whitestar cardinaliish Apogon lachner <0.00005

Bluefish Pomatomus saltatnix <0.00005 <0.00605 0.0001 6.0001 <0.00005
Epigonids Epigonidae 0.0001 A.0002 <0.00005 0.0001 <0.0800% 3.0002 0.0001 0.0001
Deep Epi sp. =0.00005 <0.00005 <0.00005
Deapwaler cardinalfishes Sphyraettops sp. a.c0mM 0.0002 <0.00005 =0,00005

I:I‘:;j;;";‘ deepwater Sphyraenops bairdianus 6.0007 <0.00005 00014 0.0002 0.0002 <0.00005
Tilefishes Matacanthidas o.0001 0.0003 <0.00005 0.0001 <0.200035 0.0003 <0.00005 2.0021
Tiefishes Caulofatilus sp. 0.0001 <0.00005 0.0002

Anchor tilefish Caufolalilus intermedius <0.00005 <0.00005

Blueline tiefish Cawfolalilus microps <0.00005

Greal northern tilefish Lopholatilus chamaeleonticeps <0.00005 <0.00005 <0,00005

Sand tilefish Malacanthus plumieri <0.00005
Gnomefishes Scombropldas 0.0001

Remaras Echeneidas 0.0001 <0.00005 <0.00005 =0.00005
Remoras Echeneis sp. <0.00005 <0.00005

Jacks Carangidae 0.0007 0.0009 00005 0.0016 0.0011 0.0037 0.0003 0.0023
ARican pompane Alechis cilfans <0.00005

Jacks Caranx sp. 0.0012 0.0008 0.0017 0.00H 0.0016 0.002¢8 Q.0099 0.0014
Yellow jack Caranx bartholomaei <0.00005

Bluz runner Caranx crysos 00023 0.00§3 0.0015 0.0001 0.0003 0.0012 G.0048 0.0065
Cievalle jack LCaranx hippros 0.0005 0.00¢1 0.0008 0.0003 0.0062

Horse-eye jack Caranx fatus 0.0001 a.0001 <0.00005 0.0002

Bar jack Caranx niber <0.00005 0.0001 <0,00005

Aflantic bumper Chlorascombrus chrysurs 0.0014 <0.0005 0.0004 0.0033 00001 <0.00600%5
Scad Dacaplefus sp. 0.0003 0.000¢ ¢.0002 <0.0(005 0.0002 «<0.00005
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Order Common Names Taxon i WE 83

GBG68 SEAMAP AC25 SEAMAP VK989 SEAMAP MCo20 SEAMAP
Mackerel scad Decapterus macarellus 0.0002
Round scad Decaplerus punclafus 0.0001 0.0001 0.0001 0.0002 0.0010 0.0009 0.0007 0.0008
Rainbow runner Elagatis bipinnulala 0.0002 0.0002 <0.00005 0.0003 0.0001 0.0008 0.0003
Bluntnose jack Hemicaranx sp. <0.00005
Bluntnose jack Hesmicaranx amblyrhynchus 0.0003 <0.00005 <0.00005 <0.00005
Leatherjacket Oligaplites saurus <0.00005 <0.00005
White trevally Pseudocaranx dentex 0.0008 0.0003 0.0001 0.0004
Lookdown/moonfish Selene sp. <0,00005 0.0001 0.0002 0.0036 0.0001 0.0001 <0.00005
Atlantic moonfish Selene setapinnis 0.0001 0.0003 0.0005 0.0001 0.0002
Lookdown Selens vomer 0.0003 0.0004 0.0002 <0.00005 0.0010 0.0019 <0.00005
Bigeye scad Selar crumenophthalmus 0.0004 0.0024 0.0004 0.0006 0.0001 0.0016 0.0001 0.0002
Amberjacks Seriola sp. 0.0012 <0.00005 0.0002 0.0001 0.0002 0.0001 0.0002
Grealer amberjack Seriola dumerili 0.0002 0.0001 <0.00005
Lesser amberjack Seriola fasciata <0.00005
Almaco jack Seriala rivoliana <0.00005
Banded rudderfish Serjola zonala <0.00005 <0.00005 <0.00005
Pompanelpermit Trachinotus sp. <0.00005
Rough scad Trachurus sp. 0.0001
Rough scad Trachurus lathami 0.0002 0.0003 0.0009 0.0001 0.0009 0.0002 <0.00005 0.0005
Cobia Rachycentron canadum <0.00005 0.0001 <0.00005 <0.00005
Dolphinfishes Coryphaenidae <0,00005 <0.00005 0.0001 0.0001 0.0001 <0.00005
Dolphinfishes Coryphaena sp. <0.00005 0.0001 <0.00005 0.0001 0.0001 0.0001 0.0002 0.0003
Pompano dolphinfish Coryphaena equiselis <0.00005 <0.00005 0.0001 <0.00005 <0.00005
Common Coryphaena hippunis <0.00005 <0.00005 0.0001 0.0001 <0.00005 0.0001 0.0002 0.0002
Pomfrets Bramidae 0.0001 <0.00005 0.0002 <0.00005 0.0003
Pomfrets Brama sp. 0.0001 0.0001
Atlantic pomfret Brama brama <0.00005
Lowfin prompret Brama dussumieri 0.0002 0.0001 0.0002 0.0001
Tropical pomfret Eumegistus brevorti <0.00005
Rough pomfret Taracles asper <0.00005 <0.00005
Big-scale pomfret Taractichthys lengipinnis <0.00005
Atlantic fanfish Plerycombus brama <0.00005
Rover Emmelichthys sp. <0.00005
Manefishes Caristius sp. <0.00005
Manefishes Caristius maderensis 0.0001
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GB668 SEAMAP AC25 SEAMAP VK989 SEAMAP MC920 SEAMAP
Slope bass Symphysanodon berryi <0.00005 0.0001
Snappers Lutjanidae 0.0001 0.0012 0.0002 0.0005 0.00%1 0.0001 0.0001
Queen snapper Etelis oculalus <0.00005
Snappers Lufjanus sp. 0.0004 0.0003 0.0006 0.0001 0.0008 0.0003 0.0007 <0.00005
Mutton snapper Lufjanus analis 0.0001 0.0001 <0.00005 <0.00005
Red snapper Luljanus campechanus 0.0003 0.0001 0.0001 0.0003 0.0002 0.0002 <0.00005
Gray snapper Luljanus griseus 0.0001 <0.00005
Lane snapper Lulfanus synagris <0.00005 <0.00005
Yellowtail snapper Ocyurus chrysurus <0.00005
Wenchman Pristipomoides sp. 0.0001 0.0001 <0.00005 0.0001
Wenchman Fristipomoides aquilonaris 0.0003 0.0025 0.0006 0.0004 0.0010 0.0001 0.0001
Vermilion snapper Rhombopliles aurorubens 0.0001 0.0001 <0.00005 <0.00005 0.0003 0.0001
Tripletails Lobotidae <0.00005
Tripletail Lobotes surinamensis 0.0001 <0.00005 <0.00005 <0.00005
Mojarras Gerreidae 0.0003 0.0001 0.0003 <0.00005
Mojarras Eucinostomus sp. <0.00005 <0.00005
Mottled mojaria Eucinostomus lefroyi <0.00005
Grunts Haemulidae <0.00005 <0.00005 <0,00005
Grunts Haemulon sp. <0.00005
White grunt Haemulen plumierii <0.00005
Piglish Orthopristis chrysoplerus <0.00005 <0.00005
Pargies Sparidae 0.0001 0.0001 <0.00005 0.0001 <0.00005 0.0004 0.0001
Pinfish Lagodon rhomboides <0.00005 <0.00005 <0.00005
Red porgy Pagrus pagrus <0.00005
Atlantic threadfin Polydactylus octonemus <0.00005 <0.00005
Drums and croakers Sciaenidae 0.0002 0.0003 <0.00005 0.0004 <0.00005
Drums and croakers Cynoscion sp. <0.00005 <0.00005
Sand weakfish Cynoscion arenarius <0.00005 0.0002 0.0007 <0.00005
Spotted weakfish Cynoscion nebulosus <0.00005
Silver seatrout Cynoscion nothus 0.0001 <0.00005
Squeteague Cynoscion regalis <0.00005 <0.00005 <0.00005
Banded drum Larimus fasciatus <0.00005 <0.00005 0.0001 <0.00005
Spot Leiostomus xanthurus 0.0005 0.0003 <0.00005
Kingfishes Menticirrhus sp. 0.0004 <0.00005 0.0001 <0.00005
Northern kingfish Menticirrhus saxatilis <0.00005
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Atantic croaker Micropogonias sp. <0.00005

Allantic eroaker Micropogonias undulatus <0.00005 00012 0.0004 <0.00005

Red drum Scigenops ceelfalus 0.0005 <0,00005 0.0003

Star dram Staflifer ianceolatus 0.0005 <0.00005

‘Goatfishes Mullidae (.0002 0.0007 <0.00005 0.0004 <0.00005 0.0008

Yeilow goatfish Mulioidichthys martinicus <0.00005

Spotted goatfish Pseudupsnsis maculalus <0.00005

Dhwat goatfish Upensus parvus 00063

Seachubs Kyphosidaz <0.00005 <0.00005
Kyphosus sp. 0.0001 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005

Bermuda chub Kyphosus seclalrix <0.00005

Spadefishes Ephippidae <0.00005 <0.08005

Adiantic spadefish Chaatodipterus faber 0.0001 0.0001 <0.00005

Butterftyfish Chaetodoniidae <0.00005 0.000¢

Foureye ylish C Ji istraius <0.00005

Angellishes Pomacanthidae <0,00005 <0.00003 0.0601

Cherubfish Centropyge sp. <0.00005

Chesubfish Cenlropyge argl <0.00005 0.0001 =0,00005

Angelfish Holacanthits sp. 0.0001 <0.00005

Blue angeifish Holacanthus bermudensis <0,00005

Queen angeifish Holacanthus cifiaris <0.00005

Angelfishes Pomacanthus sp. «<0.00005

Gray angelfish Pomacanthus arcualus «<0.00005

French angeifish Pomacanihus pans <0.00005

Hawkfishes Cirthitidas <0.00004 <0.00005

Damselfishes Pomacentridae 0.0001 0.0001 «0.00005 0.0001 =0.00005 0.0024

Jawhsheas Opistognathidae 0.0001 0.0001 <0.00005 <0.00005

Jawhishes Opistognalhius sp. <0 .60005

Wrasses Labridas 0.0002 0.0005 0.0001 G.0004 0.0028 0.0072 0.0018 G.0033

Red hogfish Decadon pueliaris 0.0001 0.0002 0.0001 <0,00005

Haglish Lachnofaimis maximus <0.00005

Bluehead Thalassoma bifascialum <0.00005 <0.00005 0.000% <0.00005

Razorfishes Xyrichlys sp. <0 00005 <0.00005 0.0001

Resy razorfish Xyrichtys marlinicensis =0.00005 o.0001

Pearly razorfish Xyriehlys novacula <0.09003
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Pairoifishes Scaridae 0.0010 <0.00005 0.0003 =Q.00005 0.0033 0.0001 0.0028
Parrotfishes Sparisoma sp. 0.0001 0.0001 0.0001 4.0007 0.0002 0.000% 0.0009 ¢.0010
Greenbloich parrotfish Sparisorva atomarivm <0.00003 0.0001
Bucktooth parrotfish Sparisoma tadians <0.00005 0.0001
1Swallowers Chiasmodontidae =0,00005 0.00C1 0.0004 <0.00005 00001 2.0004 0.0003
Black swallower Chiasmodon niger 0.0002 o.0001 0.0003 0.0006
Sandlances Ammodylas sp. <0.00005
Stargazers Uranescopidae 0.0002 0.0002 0.0003 <0.00005 0.0803
Duckbilis Pereophidae <0.00005 <0.00005
Duckbilis Bembrops sp. 0.0004 0.0002 0.0003 0001 0.0008 0.0007 0.0003 0.5002
Duckbill lathead Bembrops analirostnis 0.0003 <0.00005 ©.0003 00001 <0.00005
Blennies Blannividei <0.00005
Triplefins. Tripterygiidae <0.00005
Combtosth blennies Blenniidae <0.00005 <(.00005 0.0064 <(.00003 <D.00005
Cembtooth blennies {Hypsablennius sp. <0.00005
Feather blenny Hypsoblennius henizi 0.0001
Tessellated blenny Hypsoblennius invemar <0.00005
Freckled blenny Hypsoblennius fonthas <0.00005
‘Comblaoth blennfes Hyplevrochiius sp. <0.00005
Crested blenny Hypleurachilus geminatus <0.06003
Featherduster blenny Hypleurochilus mufififis <0.00005
iMolly miller Searlefla cristata «0.00005
Weed blennies Labrisomidae <0.00095
Clingfishes Gobiesocidae <0.00005 <0.00005 <0.00005
Sidietfish Gobiesox sirumesus <0.00005
Draganets Caliionymidae 0.0003 0.0004 <0.00005 0.0001 <0,00005 0.0008 0.0007 0.0004
Dragonets Calfionymus sp. 0.0061 <0.00805 0.0001 =0.00005 ©.0002
Spotted draganet Diplogrammus pauciradiatus <0.00005 <0.00005 0.0031
Dragonets Foslorepus sp. <0.00005 <0.00005 0.0004
t.ances dragonet Paradiplogrammus bairdi 0.0003 0.0001 0.0001 0.0002
Gohies Gobioidei <0.00005 =,00005
Gaobies Gobiidae 0.0089 6.0492 0.0380 0.0081 0.0085 0.0387 0.0028 0.0049
Gobles Bathygobius sp. 0.0001
Notchiongue goby Balhygobius curacao <0.00005
Friflfin goby Balhygobius soporalor 0.0002

H




-0

Table C-1. {Continued).

ommon Namas B R S
MR : 5 156 ACE VKO8 ‘MC820
Darter gaby Ctenngobius befecsoma ©.0001 <0.00005
Twoscale goby Gohiosoma fangipala =<0.00005
Gebles Microgobius sp. 0.0004 <0.0000% <0.00005
Gobies Priclepis sp. 0.0007
Sleepers Eleotridag 00012 0.0017
Emerald sleeper Erotelis smaragdus o.00e1 <0.00005
\Wormfishes Micradesmidae 0.0021 00005 <0005 0.0012 00004
Lancetaif wormfish Micradesmus fanceofatus 0.0003 0.0006 a.00¢1
Pink wormfish Micredesmus longipinnis 0.000% 0.0001
‘Warmfishes Microdasmys sp. 0.0007 0.0008 0.0008 <0.00005 0.0002
Dartfishes Pterelaolris sp. «(.00005 <0.00005
Louvar Luvaridae <0.00005
Louvar Luvarus imperialis <0.000035
Surgeonlishes Acanthuridae <0.00005 06001
Surgeonfishes Acanthuns sp. <0.00005 <0.00003 =0,00005 0.0001 9.0001 0.0005
Doctarfish Acanthurus chirurgus 0.0901
Slue tang Acanthurnys cosruleus <0.0000%

d Sphyraenidae 0.0001 =0.00005 <0.00005 <0.00005 <0.00005 <0.00005 <0.00005
Barracudas Sphyrasna sp. <0.00005 0.0005 0.0001 0.0001 <0.00005 0.0605 <0.00005 0.0002
‘Great banacuda Sphyraena baracuda 0.0001 ©.0001
Northern sennet Sphyraena horealis <0.00005 <0.00005 D.0001
Guachanche batracuda Sphyraena guachancho «<0.00005
Scuthern sennet Sphyraena picudila <0.00005
Tunas and broidel <(.00005 <0.00005 <0.0000% <0.00005
Longhine escolar Scambrolabrax heterolspis <0,00005 0.0001 <0.00005 0.0001 <0.00005 0.0004§ <01.00005 9.0001
Snake mackesels Gempylidas Q0010 0.0001 0.0008 o.c001 0.0009 0.0091 0.0007 0.000%
Skiped escolar Dipfospinus mullistrialiss 0.0018 0.0018 0.0013 0.0028 0.0041 0.0010 0.0018 00023
Domine Epinnuia maglistalis <0.00005 =0, 00005 <0.08805
Snake mackerels Gempylis sp. 0.0002 40001 <0.00005 0.0001 0.0004
Snake mackerel Gempylus serpens 0.0001 0.0001 o.0001 0.0004 =0.06005 0.0002 0.6001 0.0004
Snake mackerels Mealofus sp. <(.00005
Black snake mackerel Nealotus tipes 0.0001 0.0001 <0.00005 <0.00005 <0.00005 0.0001 <0.00005
Snake mackerels Necepinnufa sp. <0.00005
American sackfish Neoepinnuta americana 0.0001 <0.00005 0.0001 <0.00005
Snake mackerals Nesiarchus sp. <0.00005
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Table C-1. (Continued).

Order Common Names Taxon s 1, o3

GB668 SEAMAP AC25 SEAMAP VK989 SEAMAP MCo20 SEAMAP
Black gemfish Nesiarchus nasutus 0.0003 0.0001 0.0001 0.0002 0.0001 0.0003
Qilfish Ruvettus pretiosus <0.00005
Cutlassfishes Trichiuridae 0.0001 0.0001 <0.00005 0.0011 0.0001 0.0003 0.0001
Cutlassfishes Benthodesmus sp. <0.00005 <0.00005 <0.00005
Slender frostfish Benthodesmus tenuis <0.00005 0.0001 <0.00005 <0.00005
Cutlassfishes Lepidopus sp. <0.00005 <0.00005
Crested scabbardfish L pus altifrons 0.0001 0.0001 <0.00005
Silver scabbarfish Lepidopus caudatus 0.0001 0.0002 0.0001
Cutlassfishes Trichiurus sp. <0.00005 0.0001 0.0002 <0.00005 <0.00005
Allantic cutlassfish Trichiurus lepturus 0.0002 <0.00005 0.0001 0.0004 0.0021 0.0001 0.0002
Tunas and bri 0.0035 0.0076 0.0032 0.0016 0.0049 0.0028 0.0053 0.0008
Chub mackerels Scomber sp. <0.00005
Allantic chub mackerel Scomber colias <0.00005 <0.00005
Chub mackerel Secomber japonicus <0.00005
Atlantic mackerel Scomber scombrus <0.00005 0.0001
Mackerels Scomberomorus sp. <0.00005 <0.00005 <0.00005 0.0001 <0.00005 0.0001
Bullet tunas Auxis sp. 0.0003 0.0021 0.0004 0.0006 0.0018 0.0039 0.0011 0.0015
Bullet tuna Auxis rochei <0.00005
Frigate tuna Auxis thazard <0.00005 0.0001
Litle tunny Euthynnus sp. <0.00005 <0.00005 <0.00005 0.0001 0.0001 <0.00005
Litle tunny Euthynnus alfsiteralus 0.0004 0.0020 0.0006 0.0008 0.0028 0.0026 0.0016 0.0004
Skipjack tuna Kafsuwonus sp. 0.0001 0.0002
Skipjack tuna Katsuwonus pelamis 0.0012 0.0017 0.0009 0.0017 0.0007 0.0011 0.0009 0.0016
Tunas Thunnus sp. 0.0048 0.0054 0.0024 0.0034 0.0007 0.0034 0.0028 0.0023
Albacore Thunnus alafunga <0.00005
Yellowfin tuna Thunnus albacares <0.00005 0.0001 <0.00005
|Blackfin tuna Thunnus atlanticus 0.0011 0.0001 0.0004 <0.00005 0.0004 0.0001 0.0002
Bigeye tuna Thunnus abesus <0.00005
Atlantic bluefin tuna Thunnus thynnus 0.0003 0.0014 0.0001 0.0006 <0.00005 0.0008 0.,0013
Wahoo Acanthocybium solandri 0.0001 0.0001 0.0001 <0.00005 0.0001 0.0001 <0.00005
King mackerel Scomberomorus cavalla 0.0010 0.0003 0.0001 0.0001 0.0021 0.0004 0.0035 <0.00005
Allantic Spanish orus I <0.00005 0.0002 0.0001 0.0001
Cera Scomberomorus regalis <0.00005
Billfishes Istiophoridae 0.0001 <0.00005 <0.00005
Sailfishes Istiophorus sp. <0.00005
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Table C-1. (Continued).

Order Commen Names Taxon bias e ) o
GB668 SEAMAP AC25 SEAMAP VKe89 SEAMAP MC920 SEAMAP

Sailfish Istiophaorus platyplerus <0.00005 0.0001 <0,00005 <0.00005 <0.00005
Blue marlin Makaira nigricans <0.00005
|Swordfish | Xiphias gladius <0.00005 =0.00005 <0.00005
Squaretails Tetragonuridae <0.00005 <0.00005
Squaretails Tetragonurus sp. <0.00005 <0.00005
Bigeye squaretall Tefragonurus atlanticus <0.00005 <0,00005 <0.00005
Diiftfishes Nomeidae <0.00005 <0.00005 <0.00005 0.0001 <0.00005

Cigarfishes Cubiceps sp. 0.0001 0.0022 0.0001 0.0027 0.0049 0.0002 0.0063
Bigeye cigarfish Cubiceps pauciradiatus 0.0035 0.0003 0.0016 0.0002 0.0060 0.0003 0.0056 0.0008
Man-of-war fish Nomaus sp. <0.00005 <0.00005

Diiftfishes Psenes sp. 0.0001 0.0002 <0.00005 0.0002 0.0003 0.0001 0.0008
Freckled driftfish Psenes cyanophrys <0.00005 <0.00005 <0.00005 <0.00005
Silver driftish Psenes maculatus <0.00005 <0.00005
Bluefin driftfish Psenes pellucidus 0.0002

Driftfish Ariarnma sp. 0.0007 0.0003 0.0003 0.0001 0.0002 0.0011 0.0004 0.0005
Brown driftfish Ariomma melanum 0.0003 0.0002 0.0002 0.0002

Spotted diiftfish Ariomma regulus <0.00005 <0.00005 <0.00005
Butterfishes el id; 0.0009 0.0006 0.0003 0.0004 0.0003 0.0008 0.0008 0.0004
Butterfishes Stromateoidei 0.0003 0.0001 0.0004 0.0001 0.0026 <0.00005
Butterfishes Peprilus sp. 0.0001 <0.00005 <0.00005 0.0002 <0.00005 <0.00005
American harvestfish Peprilus alepidotus 0.0001 <0.00005

Gulf butterfish Peprilus burti 0.0001 0.0001 0.0002 0.0009 <0.00005
American harvestiish Peprilus paru <0.00005 0.0001

PLEURONECTIFORMES Flalfishes

Spiny flatiishes Pleuronectiformes 0.0001 0.0001 0.0003 <0.00005
Windowp t nidal <0.00005

Sand flounders Paralichthyidae 0.0002 0.0001 <0.00005 0.0002 <0.00005
Sand flounders Citharichthys sp. 0.0003 0.0015 0.0016 0.0007 0.0012 0.0038 0.0004 0.0006
Gulf Stream flounder Citharichthys arctifrons 0.0001 <0.00005 <0.00005

Horned whiff Citharichthys cornutus 0.0001 0.0001 <0.00005 <0,00005 <0.00005 0.0001 0.0003 0.0001
Anglefin whiff Citharichthys gymnorhinus 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Bay whiff Citharichthys spilopterus 0.0004 0.0001 0.0017 0.0003 0.0005 0.0007 0.0004 0.0001
Flounder Cyclopsslta sp. 0.0001 0.0001 0.0002 <0.00005
Spotfin lounder Cyclopsetta fimbriata 0.0001 <0.00005 0.0003 0.0001 0.0001 <0,00005
|American soles Efropus sp. 0.0001 <0.00005 0.0001 <0.00005 0,0005 0.0001
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Table C-1. (Continued).

Order Common Names Taxon Wt Lia) £

GBE68 SEAMAP AC25 SEAMAP VK989 SEAMAP MC920 SEAMAP
Fringed flounder Elropus crossolus 0.0002 <0.00005 0.0001 0.0005 0.0001
Smallmouth flounder Elropus microstomus <0.00005 <0.00005
American soles Paralichthys sp. <0.00005
American soles Syacium sp. 0.0046 0.0005 0.0058 <0.00005 0.0004
Sheal Mounder Syacium gunteri <0.00005 <0.00005
Dusky flounder Syacium papilfosum 0.0012 0.0044 0.0055 0.0007 0.0010 0.0016 0.0016 0.0003
Lefteye flounders Bothidae 0.0002 0.0070 0.0004 0.0030 0.0008 0.0050 0.0009 0.0012
Lefteye flounders Bothus sp. 0,0009 0.0020 0.0010 0.0011 0.0015 0.0021 0.0009 0.0015
Eyed flounder Bothus acellalus 0.0007 0.0005 0.0004 0.0001 0.0012 0.0001
Lefteye flounders Chascanopselfa sp. 0.0001
Pelican flounder Chascanopselta lugubris 0.0002 0.0006 0.0004 0.0002
Lefteye flounders Engyophrys sp. <0.00005
American spiny flounder Engyophrys senta 0.0008 0.0012 0.0011 0.0004 0.0001 0.0002 <0.00005 0.0001
Lefteye flounders Monolens sp. 0.0001 0.0001 <0.00005
Deepwater flounder Monolene sessilicauda 0.0001 0.0007 0.0004 <0.00005
Lefteye flounders Trichopsetfa sp. 0.0001 0.0001 0.0001 <0.00005 <0.00005 <0.00005 <0.00005
Sash flounder Trichopsetta ventralis 0.0016 0.0009 <0.00005 0.0004 0.0001 0.0003 <0.00005
Righteye flounders Pleuronectidae <0.00005 <0.00005 <0.00005 <0.00005
Righteye flounders Microstomus microstomus 0.0001 <0.00005 <0,00005
Righteye flounders Poecilopsettidae <0.00005
Deepyater dab Poecilopsetta sp. 0.0001 <0.00005 <0.00005
Deepwater dab Poecilopsetta beanii =0.00005 <0.00005
American soles. Achiridae <0.00005
Soles Soleidae <0.00005
Tonguefishes Cynoglossidae 0.0007 0.0001 0.0001 0.0005 <0.00005
Tonguefishes Symphurus sp. 0.0002 0.0057 0.0008 0.0009 0.0008 0.0121 0.0002 0.0008
Offshore tonguefish Symphurus civitatium 0.0003 0.0003 0.0007 0.0001
Spottedfi gefish ymphurus dic <0.00005 0.0001 <0.00005
Deep t h ymp) piger 0.0002 0.0003 0.0008 0.0001
Black Symphi plagiusa <0.00005 0.0003 0.0001 0.0003 <0.00005 0.0002 0.0001 0.0001
Northern tonguefish Symphurus pusillus <0.00005

TETRAODONTIFORMES :I:Jliers. mg‘gerﬂsrl::. filefishes;

Splk;ﬁshes Triacanthodidae <0.00005 <0.00005 <0.00005 <0.00005
Triggerfishes Balistidae <0.00005 <0.00005 <0.00005 <0.00005
Triggerfishes i'aarfsras sp. <0.00005 <0,00005




Pirsie)

Table C-1. (Continued).

Order Common Names Taxon bias i o4 £
GBGEB SEAMAP AC25 SEAMAP VK989 SEAMAP Mco20 SEAMAP

Grey triggerfish Balistes capriscus 0.0001 0.0001 <0.00005 <0.00005 0.0001 <0.00005 <0,00005
Robust boxfishes Canthidermis sp. 0.0001
Spotted ocean triggerfish Canthidermis maculatus <0.00005
Ocean triggerfish Canthidermis sufflamen <0.00005 <0.00005 <0.00005
Sargassum triggerfish Xanthichthys ringens <0.00005 0.0001 <0.00005
Filefishes Monacanthidae <0,00005 <0.00005 0.0001 <0.00005 0.0001
Orange filefish Aluterus schoepfi <0.00005
Scrawied filefish Aluterus scriptus <0.00005
Filefishes Cantherhines sp. <0.00005
Orangespofted filefish Cantherhines pullus <0.00005
Filefishes Monacanthus sp. <0.00005 <0.00005
Fringed filefish Monacanthus ciliatus <0.00005 <0.00005
Filefishes Monacanthus hispidus <0.00005
Filefishes Stephanolepis sp. <0.00005
Planehead filefish Stephanolepis hispida 0.0001
Pufiers Tetraodonlidae 0.0001 0.0003 <0.00005 0.0003 0.0003 0.0002
Puffers Canthigaster sp. 0.0001 <0.00005 <0.00005 <0.00005
Caribbean sharpnose puffer Canthigaster rosirata <0.00005 <0.00005 <0.00005
Puffers Lagacephalus sp. 0.0001
Smooth puffer Lagocephalus laevigatus <0.00005
Puffers Sphoeroides sp. 0.0001 0.0002 0.0001 0.0001 0.0001 0.0003 0.0001 0.0001
Northern puffer Sphoeroides maculalus 0.0002 0.0003 0.0001 <0.00005 <0.00005
Least puffer Sphoeroides parvus <0.00005
Porcupinefishes Diodontidae <0.00005 <0.00005 <0.00005
Porcupinefishes Diodon sp. <0.00005
Spot-fin porcupinefish Diadon hystrix <0.00005

UNKNOWN |Unknown fish Unidentified fish <0.00005 00222 0.0211 0.0010 0.0358 0.0004 0.0273
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Description of Methods for Analyzing SEAMAP Fish Larvae and

Ege Data

LGL Ecological Research Associates, Inc.
1410 Cavitt Street
Bryan, Texas 77801

Updated: Decernber 17, 2004

Data Tables

Three SEAMAP clata tables ore used together to analyze fish larvee and egg cateh rates:

o STATCARD, This data table contains when and where sampling operations take place. Fields relevant

to these annlvses include (note underscores “.” in field names have been replace b ariods
N\ 7 N Y

e 1, -CRUISENO- o o
“VESSEL

N

N,

P.STA.NO
S.LATD
8.LATM
S.LOND
S.LONM
S.5TA.NO
MO.DAY.YTR

o TICHSTRWK. This data table contains information on the plankton samples taken at each station. It
contains all of the egg data. Fields relevant to these analyses are listed below.

W b ke

e

CRUISE.NO
VESSEL
P.STA.NO
SAMPLE.NO
GEAR.CODE
MESH.CODE
VOL.FILT
NO.EGGS
BEGGS.ALIQU

o JCHSARWEK. This is the individual taxa data table. It contains information on each individual fish
larvae taxa collected in each sample. Relevant fields are listed below.

1.
2,

CRUISE.NO
VESSEL




3. P.STANO
. SAMPLE.NO

. SAMP.STAT

. TAXONOMIC

. BIOCODE
MEAS

. NOT.MEAS

10. ALIQUOT

.

W =3 O oo

Merging Data Tables

The STATCARD and ICHSTRWK data tables can be merged based on 3 fields, CRUISE.NQ,VESSEL, {
and P.STANO. To Farther merge the resulting set with the ICHSAR set, the SAMPLE.NO field must be
included in the merge key.

Analysis Steps {

The STATCARD date table, with its station time and place information is the core data table for these
analyses. The data table is read into a database file (R data.frame), where the station latitude and longitude
values are converted 1o deciinal degrees, and the sample date is used ta create variables for sampling month
“and year, Next, the ICHSTRWK data table i véad infd a dalabass file (R data fraine), mud restricted to -
records with GEAR.CODE equal to 1 and MESH.CODE equal to 3, which represent the ,333m mesh, 60 em
Bongo net. At this time we also converl the value for VOL.FILT from -8 to NA, to adjust for differences in
handling ol missing data. The NO.EGGS variable is also adjusted by the size of the EGGS.ALIQU variable,
multiplying subsampled aliquots by the appropriate valie (o set them equal to 1/1 aliguots. '

Anpalysis Constraints, There are no year or month restrictions placed on the station data. Stations were
restricted to a rectangle which consisted of 3 30 minute blocks, the one containing the project and one block

gach east and west of the project block. The blocks were patterned after those created by David Haniska of

NMFS, which attempt to center the principle SEAMAP stations on the blocks. The rectangle is deseribed ;
by the -93.75 and -92.25 degree longitude lines making the vertical sides, and the 28.75 and 29.25 degree
latitude lines making the horizontal sides. All stations that were outside of the rectangle were eliminated.

Data Table joins, At this poini the station and ichstr data tables were merged using the fields CRUISE.NO,
VESSEL, and P.STA.NO as the merge key.

Egg CPUE. Number of eggs per cubic meter of water fltered (Egg.cpue) are caleulated for each sample in
the combined station-ichstr datasat where the VOL.FILT variable is greater than zero. The mean Egg.cpue
and 2 standard ervors are then calculated to produce the mean value with upper and lower confidence
Intervals. Where the NO.EGGS variable is equal to zero and the BEGG.ALIQU variable is not one of the
valid values, the record is changed to NA. Also, where the NO.EGGS equals 200 this is & sampling protocal {
error and the value should be changed to NA, (personal communications from David Hanisko, 11,/04).

Preparing the Fish Larvae data table. The ICHSARWIC data table is read into a database file (R i
data.frame), and is resiricted to records containing & SAMP.STAT {sample status) value of either 1 or 2
(the only values valid for quantative analysis and summaries, David Hanisko, NMFS, pers. comm.). The
variables MEAS and NOT.MEAS are adjusted to zero values where the value in the record is -9, then they ;
are added fogelher to create the total count variable, which is then adjusted by the ALIQUOT vartable




{actor to represent a whole sample. This database table is then merged with the station-ichstr data tahle
using the four variables, CRUISE.NO, VESSEL, P.STA.NO, and SAMPLE.NQ as the morge key.

Fish Larvae Summary Values., Total fish larvae catch for each sample is aggregated, and divided by the
sample VOL.FILT varinble to create the sample catch per cubic meter of water filtered (Fish.cpue). Then
the mean Fish.cpue and 2 standard errors ave calculated to produce the mean value with upper and lower
confidence intervalg, both by month of sampling, and for the overall period.

Fish Larvae Individual Taxa Catch Rates. Calculating the catch per cubic meter of water fltered for
each taxa caught at anytime in the included samples requires construction of a matrix with one record for
gach taxa for each sampling record (total size of matrix will be number gtations X number of taxa). This
data table is then merged with the data table.created above (station-ichstr-ichsar, which represents taxa
actually caught at each sampling station), and all vecords with missing vatues are set to a value of zero. The
catch rate per cubic meter of water filtered {Taxa.cpue) can now be calculated for each taxa, for each station.
These data can be summarized to produce the mean cpue for each taxa along with standard ervors, so that
upper and lower confidence intervals can be provided.
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Table E-1. Fish egg and larvae collection summary.

Daping - Tow  Number of Larvae
MC920 1/24/2011 1 1 200 39 1
MC820 12412011 1 2 222 58 31
MCH20 1/24/2011 % 3 325 57 26
MC920 1/24/2011 2 ] 216 24 2
MC920 1/24/2011 2 2 229 28 2
MCo20 1/24/20%1 2 3 241 52 33
MC920G 1/2452011 3 1 262 29 1
MC920 12412011 3 2 249 22 5
MC920 $424/2011 3 3 281 7 4]
VK989 1/26/2011 4 1 239 74 i
VK389 1/26{2011 4 2 193 154 3
VK989 1/26/2011 4 3 248 131 5%
VK989 11262011 5 1 295 45 o]
VK889 1/26/2011 5 2 316 156 14
VK989 1/26/2011 5 3 250 16t 64
VK989 1/26/2011% 3] 1 314 a7 2
VK989 1/26/2011 ] 2 248 115 6
VK989 1/26/2011 il 3 300 162 68
AC25 142852011 7 1 285 166 1
AC25 112872011 7 2 203 76 28
AC25 1/28/2011 7 3 253 137 35
AC25 1/28/2011 3 1 208 94 3
AC2S5 1/28/2011 o] 2 137 78 13
AC25 1/28/2011 8 3 155 141 ki
AC25 1/28/2011 9 1 258 163 4
AC25 1/28/2011 9 2 151 i7 28
ALC25 1/28/2011 ] 3 184 242 35
GB663 1/29/2011 10 1 193 43 1
GB668 1/29/2011 10 2 184 22 20
GB668 1/29/201 10 3 149 3B 40
GBB68 1/29/2011 11 1 244 206 3
GB668 1/29/2011 1% 2 206 149 9
(3B668 /292011 11 3 219 &8 32




Table E-1. {Continued). :

“-Sampling

€3

Lsmten il e of L Tow Vot | Yommeftered | ny imber of Larvae

GB668 1/29/2011 Dusk 12 1 260 4

GBE68 1/29/2011 Dusk 12 2 230 7

GBEES /2912011 Dusk 12 3 205 213 58

MC920 2/21/2011 Dawn 13 1 217 45 2

MC920 2/21/201% Dawn 13 2 221 23 6

MC920 212112011 Dawn 13 3 197 49 64 _
MC920 2121/2011 Dawn 14 1 207 11 0
MCo20 2121/2011 Dawn 14 2 258 a 14

MC320 2/21/2011 Dawn 14 3 212 61 94
MC920 2/21/2011 Noon 15 1 239 14 0 ,
MC926 2/2112011 Noan 15 2 255 16 g :
MCB20 202112011 Noan 15 3 241 14 13

MCa20 2/21/2011 Noon 16 1 259 29 [}

MCazo 2/21/2011 Noon 16 2 278 18 22 E
MC920 2/21/2611 Noon 16 3 255 46 &0
MCB20 2/21/2011 Dusk 17 1 356 22 2 ;
MC920 2/21/2011 Dusk 17 2 294 10 4 :
MCH20 212112011 Dusk 17 3 279 48 158

MC920 212112011 Dusk 18 t 471 20 7

MC920 22112011 Dusk 18 2 329 15 14

MCe20 2121/2011 Dusk 18 3 318 52 250

VK989 2/22/2011 Dawn 19 1 234 7 2

VK989 212212011 Dawn 19 2 300 14 7

VK98S 2/22/2011 Dawn 19 3 244 90 234

VK989 2/22/2011 Dawn 20 1 289 7 2

VK989 2/22/2011 Dawn 20 2 277 16 ¢
VK989 20221201 Dawn 20 3 396 176 165

VK989 2/2212011 Noon 21 1 281 8

Vicoag 2/22/2011 Noon 21 2z 276 7 9 )
VK989 212212011 hoon 21 3 277 151 84 :
VKo89 2/22/2011 Noon 22 1 317 8 4

VK989 202212011 Noan 22 2 326 ) s

vKa8a 272272011 Noan 22 3 302 179 90 ;
VK989 2/22/2011 Dusk 23 1 308 9 2 :




3

Table E-1. (Continued).

Yol

Number of Larvae..

23

Nei

2 6
VK989 2{2212011 Dusk 23 3 142
VK989 22212011 Dusk 24 L] 6
VK989 2/22{2011 Dusk 24 2 310 24 6
VK989 212212011 Dusk 24 3 268 B2 241
GB&68 2/25/2011 Dawn 25 1 271 16 0
GBB68 272512011 Dawn 25 2 262 10 13
GB&68 2252011 Dawn 25 3 232 157 90
GB&6B 212572011 Dawrn 26 1 289 36 1
GB&68 2/25/2011 Dawn 26 2 274 13 11
GB668 2/2512011 Dawn 28 3 263 187 a0
GB668 21252011 Noon 27 1 247 16 6
(5B668 21252011 Noon 27 2 255 13 12
GB668 2/25(2011 Noon 27 3 184 92 14
GB668 2{25/2011 Noon 28 1 283 10 6
GB&68 2/25/2011 Noon 28 2 255 19 9
GB&68 2/25/2011 Nocn 28 3 248 100 95
GB668 2/25/2011 Dusk 29 1 177 g 1
Go6es 212512011 Dusk 29 2 156 4 10
GB&ss 212512011 Dusk 29 3 242 96 67
GB&6E 2/25/2011 Dusk 30 1 204 6 4
GBE68 21252011 BDusk 30 2 224 22 16
GB&68 212572011 Dusk 30 3 224 81 81
AL25 /2402011 Dawn KX| 1 284 10 b4
ALC25 32112011 Dawn 3 2 230 16 10
AC25 372102011 Dawn 31 3 304 43 112
AC25 3/21/2011 Dawn a2 1 280 16 ]
AC25 32112011 Dawn 32 2 348 16 3]
AC25 3212011 Dawn 32 3 456 92 116
AC25 3212011 Dawn 33 1 405 13 12
AC26 312112011 Dawn 33 2 468 19 12
AC25 3/21/2011 Dawn 33 3 454 84 88
AC25 3/21/2011 Noon 34 1 443 13 14
AC25 372112011 Ncon 34 2 468 8 9




53

3212011

3 393
AC25 31212011 Noon 35 1 524 121 10
AC25 3/21/2011 Noon 35 2 445 22 13
AC25 30212011 Noon 35 3 388 100 158
AC25 3/21/2011 Noon 36 1 430 24 9
AC25 3212011 Noon 36 2 399 10 14
AC25 3/21/2011 Noon 36 3 440 96 167
AC25 3/2172011 Dusk 37 1 558 15 20
AL25 372172011 Dusk 37 2 517 25 10
AC25 3/21/2011 BDusk 37 3 415 82 72
GBs68 3/22/2011 Dawn 39 1 264 9 9
GHE68 342212011 Dawn 39 2 328 22 3
GBG668 3222011 Dawn 38 3 271 31 77
GB668 32212011 Dawn a0 1 292 16 15
GBe668 32212011 Dawn 40 2 305 25 )
GBE63 3227201 Dawn 410 3 227 &5 65
(BE68 3/22i2011 Naoon 4 1 333 L] 12
GBG68 3/22/2011 Noon 41 2 288 13 4
GB&sB 32212011 Noan 41 3 257 33 58
VK889 312412011 Dusk 44 1 106 13 2
VK989 3/2412011 Dusk 44 2 114 14 12
VK989 324/2011 Dusk 44 3 125 191 103
WVKo89 3/24/2011 Dizsk 45 1 88 30 5
VK989 3242011 Dusk 45 2 35 14 17
VK989 372472011 Dusk 45 3 2.1 59 174
MC920 3/26/2011 Dawn 45 1 56 19 12
MC920 3/25/201 Dawn 46 2 52 # 6
MG920 3/25/2011 Dawn 46 3 101 67 72
MC920 3/25/2011 Dawn 47 i 142 2 1
MCg20 3/25/2011 Dawn 47 2 98 35 5
MC920 32572011 Dawn 47 3 95 9 19
MC92¢ 3262011 Noon 48 1 345 37 5
MC920 32512011 Noon 48 2 317 21 20
MC820 3/25/2011 Noon 48 3 328 93 66
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MCcaz20 3/25/2011 MNoon 49 1 344 30 7
MC920 3725672011 Noon 49 2 304 38 41
MC920 372572011 Noon 49 3 234 97 62
MC920 3/25/2011 Dusk 50 1 101 18 5
MCg20 3/25/2011 Dusk 50 2 97 13 17
M(920 32612011 Dusk 50 3 82 78 49
MCa20 3/26/2041 Dusk 51 1 138 27 7
MCa20 3/25/2011 Dusk 51 2 144 35 22
MC920 3/25/2011 Dusk 51 3 267 46 61
MC820 4/18/2011 Dawn 52 1 B2 9 6
MCo20 471812011 Dawn 52 2 77 7 14
MC920 4/18/2011 Dawn 52 3 0 50 169
ML920 4/18/2011 Dawn 63 1 17 50 16
MC920 4187201 Dawn 53 2 1§ 97 8
MCg20 4/18/2011 Diawy 53 3 155 53 101
MC920 4/18/2011 Neon 54 1 245 11 5
MC920 4/16/2011 Noon 54 2 214 i 14
MC920 4{118/2011 Noon 54 3 163 29 104
MCc920 AM8/2011 Noan 55 1 269 16 2
MC820 AM18/2011 Noon 55 2 242 18 13
MC920 4/18/2011 MNoon 55 3 158 57 149
MC920 4/18/2011 Dusk 57 1 406 12 B8
MC920 4/118/2011 Dusk 57 2 347 14 25
MC920 411872011 Dusk 57 3 281 29 124
MC320 4/18/2011 Dusk 58 1 196 29 7
MGC920 41872011 Dusk 58 2 142 9 14
MC920 4/18/2011 Dusk 58 3 192 20 132
VK989 41182011 Dawn 59 1 80 15 1
VK989 41972041 Dawn 59 2 716 24 22
VKaB9 41192011 Dawn 59 3 85 23 180
VK989 A18/2011 Dawn 60 1 138 10 0
VKaa9 4/19/2011 Dawn &0 2 135 24 14
VKO89 4/19/2011 Dawn 60 3 193 33 254
VKo89 4/19/2011 Dawn 61 1 213 18 2




| TimeofDay

iz
o

Dawn 61 2
VK989 411972011 Dawn 61 3 293 48 208
VK989 411912011 Neoon 62 i 194 18 4
VKO98G 4/19/2011 Noon 62 2 154 21 37
VK989 4192011 Noon 62 3 112 46 89
VK889 4/19/2011 Naon 63 1 317 50 3
VK989 4/19/2011 Noan 63 2 250 4 44
VK989 4/19/20114 Noon 53 3 219 77 143
VK989 41192011 Noon 64 1 165 1 [\]
VK889 4/19/2011 Noon 84 2 169 52 51
VK989 4/19/2011 Noon 64 3 242 20 104
VK989 471912011 Dusk 65 1 285 28 3
VK9gg 4/19/2011 Dusk 65 2 249 17 28
VKa8g 4/19/2011 Dusk 65 3 163 18 17
VK989 4/19/2011 Dusk 56 1 241 20 5
VK989 4/19/2011 Dusk 66 2 231 21 32
VK989 4182011 Dusk 66 3 171 23 145
VKoEo 5/3/2011 Dawn 67 1 124 16 2
VKS89 5/3/20%1 Dawn 67 2 110 17 37
ViKS89 5/3/2011 Dawn 67 3 60 200 212
VK989 5/3/2011 Dawn 68 1 59 29 2
VK989 51372011 Dawn 68 2 104 17 25
VKas9 5/3/2011 Dawn 68 3 125 280 172
GBE68 5/612011 Dawn 69 1 521 17 7
GB66a 5/6/2011 Dawn 69 2 250 24 4
GB&68 5/6/2011 Dawn 69 3 0 28 35
(GB&ss 5/6/2011 Dawn 70 1 130 16 4
GB668 5/6/2011 Dawn 70 2 113 29 21
GB66S 5/6/2011 Dawn 70 3 125 93 43
GB568 5/6/2011 Dawn 71 1 86 18 6
(3B653 5/6/2011 Dawn 71 2 65 23 15
GBG68 5/6/2011 Dawn 71 3 A7 122 58
GB668 5/6/2011 Noon 72 1 121 17 8
GB&6B 5/6/2011 Noon 72 2 84 12 17
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Table E-1. (Continued).

“Sampling
wDate

102

84

1]

51612011 3 143

5/612011 1 116 14 3

5/6/2041 2 148 20 26
5/6/2011 3 267 121 53
5/6/2011 1 143 15 2

5/6/2011 2 162 27 13
5/6/2011 3 255 149 45
5/612011 f 142 46 ]

5/6/201 1 2 119 37 14
5/6/2011 3 227 105 46
5/6/2011 1 127 4 5

5/6/2011 2 156 13 13
5/6/2011 3 266 a7 48
5/6/2011 1 135 17 10
5/6/2011 2 219 22 16
51612011 3 314 77 49
5/71201% 1 292 16 2

5712011 2 300 10 ]

5712011 3 247 28 24
51712011 1 512 7 5
5{7/20114 2 346 51 11
5/7/2011 3 308 91 55
5772011 1 268 31 7

5712011 2 177 32 13
5712011 3 105 133 34
S/7/201% 1 94 20 O
5/7/2011 2 130 24 4

5712081 3 205 113 31
572011 1 74 29 1

57120114 2 124 25 6

5/7/2011 3 200 189 32
5/7/2011 1 87 34 0

51712011 2 150 16 16
5/7/2011 3 235 147 39
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Dusk

572011 1 181 30 1
AC25 5712011 Dusk 84 2 400 21 15
AG25 5/7/2011 Dusk 84 3 64 128 28
AC25 5/7/2011 Dusk 85 1 193 45 1
AC25 5/T/12011 Dusk a5 2 167 a7 10
AC25 5712011 Dusk 85 3 293 200 54
AC25 5/712011 Dusk 86 1 77 57 8
AC25 5/7i2011 Dresk B6 2 172 25 11
AC25 5/72011 Dusk 86 3 287 47 74
MC920 5/18/2011 Dawn g8 1 148 15 4
MC820 5/18/2011 Dawn 88 2 g8 18 25
MC920 5/18/201 Dawn 88 3 101 26 59
MC920 5M18/2011 Dawn 89 1 128 141 7
MC820 5/18/2011 Dawn 89 2 90 42 27
MC920 5/18/2011 Dawn 89 3 26 38 64
MCo20 5M1B/2011 Noon g0 1 223 26 5
MCH20 5/18/2011 Noon 40 2 189 19 22
MG920 5/18/2011 Noon 90 3 156 1 78
MCg20 5/18/2011 Noon 9t t 235 22 4
MCo20 5/18/2011 Noon 91t 2 190 6 25
MCo20 5/18/2011 Noon 91 3 195 26 90
MCo20 5/18/2011 Dusk 92 1 283 12 9
MCaz0 5/18/2011 Dusk 92 2 220 1 23
MC920 5/18/2011 Dusk 52 3 156 13 80
MC920 5/18/2011 Dusk 93 1 238 24 4
MCg20 5/18/2011 Dusk 93 2 258 10 20
MC920 5/18/2011 Dusk 23 3 156 16 88
VK98§ 51872011 Dawn 94 1 28 21 3
VK989 5/19/2011 Dawn 94 2 169 23 2
VK989 5/19/2011 Dawn 94 3 224 210 126
VKosg 519/2011 Noon 95 1 226 97 2
VK989 5/19/2011 Naon 45 2 31t 122 7
VK989 5/19/2011 Noon 95 3 280 280 196
VKI89 5/19/2011 Noon 98 1 338 24 1
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Table E-1. (Continued).

. Station
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L g_\:’olumg'giltergd :

VK989 98 2 331 79 2
VK989 5/19/201 Noon 96 3 244 220 179
VK989 5/19/2011 Noon a7 1 100 88 1
VK289 5/19/2011% Noon a7 2 140 23 6
VK389 5M19/20%1 Noon 97 3 129 159 116
MC920 5/27/20%1 Dawn 100 t 479 21 4
MC820 512772011 Dawn 100 2 332 21 18
MC920 572712011 Dawn 100 3 526 112 163
MCO20 512712011 Noan 101 1 342 15 5
MC920 5/27/2011 MNoon 101 2 284 21 10
MC920 &/27/2011 Noon 101 3 290 68 191
MC920 5/27/2011 Dusk 102 1 463 31 5
MC920 512712011 Dusk 102 2 339 18 25
MC920 5/2712011 Ditsk 102 3 319 33 98
VKSE9 5/28/201 Dawn 103 1 86 10 2
VK89 6/28/2011 Dawn 103 2 141 33 7
VK989 5/28/2011 Dawn 103 3 267 220 619
VK989 572812011 Noan 104 1 318 63 3
VKA9B8g 5/28/2011 Noon 104 2 245 47 4
VK989 5/28/2011 Naoon 104 3 184 205 180
VK989 5/28/2011 Dusk 105 1 160 18 5
VK989 5/28/2011 Dusk 105 2 264 7 11
VK989 5/28/2011 Dusk 105 3 334 &6 318
VK989 5/28/2011 Dusk 1068 1 232 106 9
VK989 5/28/2011 Dusk 106 2 212 35 9
VK889 5/28/20t1 Dusk 106 3 361 17 2186
VK989 5/28/2011 Dusk 107 i 171 22 16
VK989 5/28/2011 Dusk 107 2 184 14 3]
VK9B9 5/28/2011 Dusk 107 3 174 73 247
AC25 6/14/2011 Dawn 109 1 210 36 7
AC25 6/11/2011 Dawn 109 2 281 18 18
AC25 6/11/2011 Dawn 109 3 220 100 72
AC25 6/11/2011 Dawn 1o 1 386 25 2
AC25 6/11/2011 Dawn 110 2 287 33 35
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AC25 6/11/2011 110G 3 168 56 185
AC25 6/11/2011 111 1 264 20 2
AC286 6/11/2011 11 2 197 56 49
AC25 6/11/2011 111 3 109 1B 98
AC25 6/11/2011 112 1 387 85 3
AC25 61112011 112 2 225 30 51
AC25 6/11/2011 112 3 137 12 118
AC25 6/11/2011 113 1 326 44 8
AC25 6/11/20%1 113 2 289 3] 22
AC25 8/11/2011 113 3 165 2 94
AC25 8/11/2011 114 1 352 14 3
AC25 8/11/2011 114 2 236 19 32
AC25 6/11/2011 114 3 199 39 120
AC25 6/11/2011 115 1 183 42 4
AGC25 6/11/2011 115 2 208 46 27
AC25 61112011 415 3 281 7 80
AC25 £/11/2011 116 1 1756 40 5
AC25 8/11/2011 118 2 232 11 24
AC25 6/11/2011 116 3 202 3 a7
AC25 6/14/2011 117 1 166 39 i
AC25 61172011 117 2 189 23 20
AC25 6/11/2011 117 3 188 1 111
AC25 6/12/2011 118 4 241 23 7
AC25 6/12/2011 118 2 166 14 14
AC25 671212011 118 3 67 75 176
AC25 6/42/2011 119 1 376 18 3
AC25 6/1212011 119 2 294 13 35
AC25 8/12/2011 119 3 246 12 217
GB66E 8/13/2011 121 1 158 102 2
GB668 6/13/2011 121 2 137 8 8
GB668 6/13/2011 121 3 106 2] 34
GB668 6/13/2011 122 1 138 17 s
GBeas 61342011 122 2 a7 4 16
GBEGS 6/13/2011 122 3 109 26 102
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6/13/2011

123

Dawn 1
6/13/2011 Dawn 123 2
6/13/20141 Dawn 123 3
6/13/2011 Neon 124 1
61312011 Noon 124 2
6/13/2011 Noon 124 3
6/13/2011 Noon 526 1
8/13/2011 Noon 126 2
611372011 Noon 125 3
6/13/2011 Noon 126 1
6/13/2011 Naon 126 2
6/13/2011 Noon 126 3
6/13/2011 Dusk 127 1
6/13/2011 Dusk 127 2
6/13/2041 Dusk 127 3
6/43/2011 Dusk 128 1
B/£3/2011 Dusk 128 2
61132011 Dusk 128 3
6132011 Dusk 129 1
6/13/2011 Dusk 29 2
6/13/2011 Dusk 129 3
6/14/2011 Naon 130 |
6/14/2011 Noon 130 2
6/14/2011 Noon 130 3
6/14/2011 Noon 131 1
6/14/2011 Noon 131 2 118 42 112
6/14/2011 Noon 131 3 105 ] 69
6/14/2011 Dusk 132 1 108 18 4
6/14/2011% Dusk 132 2 124 21 5
6/14/20+41 Dusk 132 3 419 T 79
B/14/2011 Dusk 133 1 125 16 8
6/14/2011 Dusk 133 2 133 5 10
6/14/2011 Dusk 133 3 123 15 B0
6/16/2011 Dawn 134 1 105 14 0
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Table E-1. (Continued).

ampling:;-:

: ; Pate et 1 Number of Larvae -
MGC920 6/16/2011 2 15
MC920 6/16/2011 3 86
MC920 6/16/2011 1 73
MC320 6/16/2011 2 11
MC920 6/16/2011 3 5
MC920 6116/2011 1

MGC920 6/16/2011 2 13
MC920 6/16/2011 3 71
VK989 817/2011 1 8
VK989 6/17/2011 2 11
VK989 6/17/2011 3 106 210 260
VK98a 7H2611 1 137 8 i
VK988 7112011 2 137 7 11
VK989 712019 3 128 210 62
VKgES 7172011 1 134 7 1
VKosg 7172011 2 161 104 8
VKo8g 7112011 3 138 171 52
VK983 7172011 1 144 8 1
VKe8g 7172011 2 163 17 8
VK983 7HI2011 3 145 210 71
VK989 7172011 1 167 39 4
VKI89 77172011 2 131 53 14
VKaag 7H/2011 3 143 186 88
VK389 7H/2011 1 142 3 5
VK889 7H72017 2 49 50 7
VK989 7M/2011 3 151 39 108
MC920 7/2/2011 1 257 18 2
MC920 71272011 2 229 122 20
MC820 71212011 3 150 213 150
MC920 71212011 1 190 16 3
MC820 Fi2i2011 2 154 27 1z
MC920 77212011 3 218 39 427
MCa20 77212011 1 171 9 4
MC20 77212011 2 225 10 19




b

¥1-3

s oo Ton Ve[ eliEed T | Numbacer tames.
MC920 /212011 Dusk 145 3 204 424
GBs68 71412011 Dawn 146 1 182 6
GBB68 7472011 Dawn 146 2 176 19
GB668s 7i41201 ¢ Dawn 146 3 128 99
(GB668 71412011 Noon 147 1 180 3
GB668 7412011 Naon 147 2 159 28
(GBes8 71412011 Noon 147 3 208 169
GBess 7472011 Dusk 148 1 144 8
GBs&8 71472011 Dusk 148 2 170 18
GB668 7472011 Dusk 148 3 157 118
ALC25 7512011 Dawn 148 1 191 9
AC25 Ti512041 Dawn 149 2 205 38
AC2% 7i5/2011 Dawn 149 3 142 13 117
AC25 FI512041 Noon 150 1 144 47 1
AC25 7/512011 Noon 150 2 200 17 29
AC25 71512011 Noon 150 3 1986 20 141
AC25 T/512011 Dusk 151 1 148 23 2
AC25 7152011 Dusk 151 2 161 5 21
AC25 T/512011 Dusk 151 3 182 20 249
ACG25 7512011 Dusk 152 1 139 8 31
AC25 71512011 Dusk 162 2 171 2 25
AC25 7/5/2011 Dusk 152 3 197 g 224
AC25 71512011 Dusk 163 $ 142 22 5]
AC25 715f2011 Dusk 183 4 177 7 28
AC25 715/2011 Dusk 183 3 180 15 151
AC25 72011 Dawn 154 1 246 3 8
AC25 71712011 Dawn 154 2 224 12 17
AC25 TH72011 Dawn 154 k] 169 21 100
AC25 72011 Noon 156 1 137 30 7
AC25 THT2011 Naon 156 2 171 28 31
AC25 712011 Noon 156 3 194 26 a4
ACZ5 71152011 Dusk 157 1 146 16 4
AC25 714512011 Dusk 167 2 136 19 18
AC25 71452011 Dusk 157 3 180 16 a3
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158 1 145
AC25 TH72011 Dusk 158 2 161
AC25 TIETI2011 Dusk 158 3 173
VKagae 7135120114 Dawn 160 i 167
VK989 713172011 Dawn 16¢ 2 147
VK989 713172011 Dawn 160 3 153 134 83
VK983 713172011 Dawn 161 1 186 30 2
VK989 703172011 Dawn 161 2 151 16 7
VK989 73112011 Dawn 161 3 125 210 106
VK989 713112011 Noon 182 1 154 12 0
VK989 7131/2011 Noon 162 2 159 23 6
VKO89 7/31/2011 Noon 162 3 176 64 36
VK989 713112011 Noon 163 1 139 23 3
VK989 712011 Noon 163 2 150 23 5
VK989 7131/2011 Noon 163 3 158 39 23
VK989 713112011 Dusk 164 4 174 23 8
VK989 713172011 Dusk 164 2 174 10 5
VK989 713172044 Dusk 164 3 170 a8 49
VKagg 7i3172011 Dusk 165 1 196 22 4
VK989 713172011 Dusk 165 2 195 23 15
VK989 713112011 Dusk 165 3 171 43 85
MC920 8/1/2011 Dawn 166 1 165 18 1
MC920 8/1/2011 Dawn 166 2 152 T 4
MCe20 B8/4/2011 Dawn 166 3 138 83 62
MCg20 8/1/2011 Dawn 167 1 217 62 3
MC9z20 81172011 Dawn 167 2 211 34 21
MC920 8/1/2011 Dawn 167 3 143 122 69
MC920 8172011 Noon 168 t 129 20 2
MC920G 8/1/2011 Noon 188 2 141 48 6
MC820 8/1/2011 Noon 168 3 171 88 61
M(C920 8/1/2011 Naon 164 1 126 20 0
MC920 B/1/2011 Noon 169 2 168 80 11
MC920 B/1/2011 Noon 169 3 170 120 88
MC920 8/1/2011 Dusk 170 1 163 24 Q
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Table E-1. (Continued).

i TR, o “Volume Filtered - R
MC920 170 2 168 19 9
MC920 8/1/2011 Dusk 170 3 195 12 53
MC920 8M1/2011 Dusk 171 1 155 20 6
MC920 8/1/2011 Dusk 171 2 219 at 18
MC820 B8/1/2011 Dusk 171 3 222 15 192
(BE68 8/3/2011 Dawn 172 1 149 5 3
GB668 8/3/2011 Dawn 172 2 166 9 23
GBE68 8/3/2011 Dawn 172 3 148 23 74
GBE68 8/3/2011 Dawn 173 1 175 17 3
GB668 B/3/2011 Dawn 173 2 169 27 20
(GB668 8/3/2011 Dawn 173 3 189 73 91
(3B668 8/3/2011 Noan 174 1 122 6 1
GB668 8/3/2011 Noon 174 2 170 7 14
GB668 8/3/2011 Ncon 174 3 187 94 113
GEB6S 8/3/2011 Noon 175 1 139 25 7
CBE68 8/3/2011 Noon 175 2 180 10 32
GB668 8/3/2011 Noan 175 3 202 15 928
(38688 8/3/2011 Dusk 176 1 147 12 4
GBEGE 8/3/2011 Dusk 176 2 169 5 24
GB&6E 8/3/2011 Busk 176 3 207 20 a5
GBESS 8/3/2011 Busk 177 1 171 19 6
GB558 8/3/2011 Dusk 177 2 156 23 13
GR6E6 8/3/2011 Dusk 177 3 206 12 103
AC25 8412011 Dawn 178 1 194 61 6
AC25 8/412011 Dawn 178 2 198 40 11
AC25 8/4/2011 Dawn 178 3 155 210 64
ALC25 814/2011 Naon 179 1 139 47 3
AC25 8/4/2011 Noan 179 2 161 21 15
AC25 8/4/2011 Noan 179 E] 176 18 53
AC25 8/4/2011 Dusk 180 1 142 35 8
AC25 8/4/2011 Dusk 180 2 156 16 15
AC25 8/4/2011 Dusk 180 3 166 12 80
AC25 8/15/2011 Dawn 181 [ 62 6 3
AC25 8/15/2011 Dawn 181 2 154 20 8
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Table E-1. {Continued).
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3 175 5 54
AC25 8/16/2011 Noon 182 1 188 28 4
AC25 B/16/2011 Noon 182 2 174 18 17
AC25 8/16/2011 Noon 182 3 190 g 111
AC25 8/16/2011 Dusk 183 1 159 15 4
AC25 8/16/2011 Dusk 183 2 167 5 15
AC25 8/16/2011 Dusk 183 3 149 7 g7
GB668 8/17/2011 Dawn 184 1 156 14 5
GB668 8/17/2011 Dawn 184 2 204 16 18
GB668 81172011 Dawn 184 3 146 9 BY
GB668 8/17/2011 Noan 85 1 178 26 11
GB668 8/17/2011 Noon 185 2 116 0 0
(38668 8/17/2011 Moon 185 3 139 16 106
GB668 8/17/2011 Dusk 186 1 205 37 8
GB66S B8/17/2011 Dusk 186 2 203 4 38
GB&68 8/17/2011 Dusk 186 3 194 19 107
MC920 8/19/2011 Dawn 187 1 134 14 2
MCg20 8/19/2011 Dawn 187 2 173 11 2
MC920 8/19/2011 Dawn 187 3 174 82 76
MC920 8/19/2011 Noon 188 1 175 &1 38
MC920 8H19/2011 Noon 188 2 203 57 2
MC920 81972011 Noon 188 3 105 2 1
MC920 8/19/2011 Dusk 189 1 242 29 4
MC920 8/19/2011 Dusk 189 2 237 19 21
MC920 8/19/2011 Dusk 189 3 157 14 63
VK989 8/20/2011 Noon 191 1 248 30 3
VK989 8/20/2011 Noon 191 2 251 67 5
VK989 B/20/2011 Noon 191 3 174 90 118
VK989 B/20/2011 Dusk 192 1 160 21 3
VKg8g 8/20/2011 Dusk 192 2 161 32 13
VK989 8/20/2011 Dusk 192 3 159 69 67
VK989 8/29/2011 Dawn 193 1 141 15 3
VK989 8/29/2011 Dawn 193 2 103 7 13
VK989 8/29/2011 Dawn 193 3 150 210 126
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VK989 8/29/2011 Dawn 194 1 152 14 3
VK89 B8/29/2011 Dawn 194 2 136 10 18
VK989 812972011 Dawn 194 3 158 210 194
VK989 B/20/2011 Noon 195 1 140 14 1
VK989 8/29/2011 Noon 195 2 138 17 i1
VK989 8/29/2G11 Noon 195 3 168 131 140
VK389 8/29/2011 Dusk 196 ] 164 5 4
VK9B9 8/29{2011 Dusk 188 2 141 5 13
VK989 8/29/2011 Dusk 185 3 147 174 249
MC920 8/30/2011 Dawn 197 1 136 i2 2
MC920 8/30/2011 Dawn 197 2 108 3 5
MC820 8/30/2011 Dawn 197 3 88 35 35
MC920 8/30/2011 Naoon 198 1 163 10 3
MC920 8/30/2011 Noon 198 2 172 5 11
MCo20 8/30/2011 MNoon 198 3 152 24 76
MC920 8/30/2011 Dusk 199 1 157 12 5
MC920 8/30/2011 Dusk 199 2 157 6 12
MC920 8/30/2011 Dusk 198 3 168 3 11
VK989 9/15/2011 Dawn 201 1 540 28 5
VK989 9/15/2011 Dawn 201 2 239 8 5
VK988 97152011 Dawn 201 3 146 52 63
VK989 9/15/2011 Noon 202 1 520 44 5
VKI89 9/15/2011 bNoon 202 2 232 33 29
VK989 9/15/2011 Noon 202 3 168 71 114
VK989 9/15/2011 Dusk 203 1 190 23 1
VK389 9/15/2011 Dusk 203 2 179 23 13
VK989 9/15/2011 Dusk 203 3 138 28 67
MC920 9/16/2011 Dawn 204 1 185 4 ]
MC920 9/16/2011 Dawn 204 2 117 1 6
MCH20 9/16/2011 Dawn 204 3 104 18 58
M(920 9/16/2011 Noon 205 1 142 12 2
MC920 9/16/2011 Naon 205 2 146 25 14
MC920 916/2011 Noon 205 3 110 7 19
MC920 9/16/2011 BDusk 208 1 134 11 ¢
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MC920 9/16/2011 Dusk 206 2 124 3 12
MC920 /2011 Dusk 206 3 126 19 62

GB668 9/18/201 Dawn 207 1 233 11 4 {
GB668 9/18/2011 Dawn 207 2 220 12 27

GB&68 9/18/2011 Dawn 207 3 145 4 41
GB663 8/18/2011 Dawn 208 1 192 9 6

GB&6S 9/18/2011 Dawn 208 2 146 5 18

GB668 9/18/2011 Dawn 208 3 134 3 88

GB668 9/18/2011 Noon 209 1 179 25 4
GB668 9/18/2011 Noon 209 2 145 17 19

GBe68 9/18/2011 Noan 209 3 118 8 52

GB668 9/18/2011 Noan 210 1 187 18 10
GB668 9/18/2011 Noon 210 2 174 21 28 B
GBGEB 9118/2011 Noon 210 3 113 23 48 .
GB668 8M18/2011 Dusk 21 1 244 26 3 :
GB668 9/18/2011 Dusk 211 2 202 30 22 ;
GB668 9/18/2011 Dusk 211 3 131 10 58 -
GBE6E 9/18/2011 Dusk 212 1 258 14 9
GBESS 9/18/2011 Dusk 212 2 211 9 27 )
GBBE&S 2/18/2011 Busk 212 3 130 8 91

AC26 91972041 Dawn 213 1 184 10 8

AC25 $/19/2011 Dawn 213 2 181 82 {s}

AC25 9/19/2011 Dawn 213 3 110 60 53

AC25 9/19/2011 Dawn 214 1 146 10 4
AC25 9/19/2011 Dawn 214 2 110 86 28

AC25 9/19/2011 Dawn 214 3 113 44 55
AC25 9/19/2011 MNoon 215 1 129 21 2

AC25 9/18/2011 Noon 215 2 109 80 15
AC25 9/19/2011 Naoon 215 3 118 41 58

AC25 9/19/2011 Noon 216 1 196 11 111

AC25 9/19/2011 Naan 216 2 164 17 11 ;
AC25 9/19/2011 Noon 218 3 133 75 2
MC820 10/13/2011 Dawn 217 1 204 14 4

MC920 10/13/2011 Dawn 217 2 169 8 15
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217 3 134 16 40
MC220 10/13/2011 Dawn 218 t 155 6 5
MC920 16/13/2011 Dawn 218 2 133 19 7
MC920 10/13/2011 Dawn 218 3 111 47 108
MC9a20 10/13/2011 Dawn 219 1 171 2 4
MC820 10/13/2011 Dawn 219 2 139 8 3
MC920 10/13/2011 Dawn 219 3 102 3 124
MC920 10/13/2011 MNoon 220 1 154 11 2
MC820 10/13/2011 Noon 220 2 129 -] 6
MCo20 10/13/2011 Noon 220 3 130 8 127
MC920 10/13/2011 Noon 221 1 133 3 4
MC920 10/13/201% Moon 221 2 139 3 11
MC220 10/13/2011 Necon 221 3 142 3 1056
MC320 10/13/2011 Neoon 222 1 163 5 1
MC920 10/43/2011 Noan 222 2 166 7 8
MC92¢ 1071342011 Noan 222 3 138 5 106
MCH20 10/13/2011 Dusk 223 1 160 12 1
MC920 10/13/2011 Dusk 223 2 124 6 10
MC920 £0/13/2011 Dusk 222 3 156 33 80
MC920 10/13/2011 Dusk 224 1 148 4 3
MC920 10/13/2011 Dusk 224 2 138 3 4
MC920 101372011 Dusk 224 3 144 11 102
MC920 10/13/2011 Dusk 225 1 150 T 2
MC920 10/13/201 ¢ Dusk 225 2 135 8 40
MC920 10/13/204% Dusk 225 3 45 4 a7
VK989 10/14/20%1 Dawn 226 1 412 4 0
VKSB9 16/ 1472011 Dawn 226 2 76 26 7
VK88S 10/14/2011 Dawn 226 3 100 118 a3
VK989 10/14/2011 Cawn 227 1 118 13 2
VK989 10/14/2011 Dawn 227 2 120 14 10
VK989 10/14/2011 Dawn 227 3 94 65 76
VK989 10/14/2011 Dawn 228 1 128 16 8
VK989 10/14/2011 Bawn 228 2 118 15 17
VK989 10/14/2011 Dawn 228 3 1 87 108
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229 1 178
VK989 10/14/2011 Noon 229 2 123
VK989 10/14/2011 Noon 229 3 126
VK989 10/14/2011 Noon 230 1 163
VKga9 10/14/2611 Noan 230 2 126
VK989 10/14/2011 Noon 230 3 113
VK989 10/14/2011 Noon 231 1 134
VK989 10/14/2011 Noon 231 2 100 a 8
VK989 10/14/2011 Noon 231 3 102 68 91
VK989 10/14/2011 Dusk 232 1 138 7 8
VK889 16/14/2011 Dusk 232 2 109 10 12
VK889 101472011 Dissk 232 3 137 57 110
VK989 10/14/2011 Dusk 233 1 148 7 4
VK989 10/14/2011 Dusk 233 2 133 16 14
VK989 10/14/2011 Dusk 233 3 169 76 80
VK989 10/14/2011 Dusk 234 1 162 11 5
VKag9a 10/14/2011 BDusk 234 2 167 11 13
VK989 1011442011 Dusk 234 3 133 75 90
VK989 12/1/2011 Dawn 235 1 115 8 7
VK989 12/1/2011 Dawn 235 2 105 11 12
VK989 1211/2011 Dawn 235 3 115 46 80
VK889 1201/2011 Dawn 236 1 123 8 3
VK989 12172011 Dawn 236 2 89 10 18
VKS89 12/1/2011 Dawn 236 3 92 37 107
VK989 121172011 Dawn 237 1 124 14 7
VK989 12/1/2041 Dawn 237 2 123 7 10
VK989 120472011 Dawn 237 3 117 49 113
VK989 12/1/2011 Noon 238 1 132 8 12
VK889 12/1/2011 Naon 238 2 117 4 11
VK989 12172011 Noon 238 3 126 34 134
VK989 12/1/2011 Naon 239 1 120 10 8
VK989 121172011 Noon 239 2 108 Bl 10
VK989 12/1/2011 Noon 239 3 116 29 108
VK989 120172011 Noon 240 1 118 g9 7
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Nt | VomeTTeEd T eror Eggs | Numberof Larae
VK989 12/1/2011 2 108 11 15
VK989 12172011 Ngon 240 3 117 3 135
VK888 120112011 Dusk 241 k| 105 8 1
VK989 12172011 Dusk 241 2 107 8 8
VKS89 121172011 Dusk 241 3 122 26 231
VK989 12172011 Dusk 242 1 128 10 9
VK89 121172011 Dusk 242 2 111 16 12
VK989 121172011 Dusk 242 3 g7 27 143
VK939 12/472011 Dusk 243 1 108 10 10
VK989 121420114 Dusk 243 2 a9 2 20
VKo8g 121112011 Dusk 243 3 110 25 223
VK989 1211812011 Dawn 244 1 208 7 4
VK98% 12/16/2011 Dawn 244 2 240 12 12
VKaae 12i16/2011 Dawn 244 3 308 ao G
VKI89 12/16/2011 Noon 245 1 304 22 10
VK989 12/16/2011 Noan 245 2 376 11 27
VK989 12/16/201 1 Noon 245 3 367 24 7
VK889 1216/2011 Dusk 246 1 236 13 9
VKg89 12/16/2011 Dusk 245 2 261 16 29
VK889 12M16/20%1 Dusk 246 3 279 19 68
MCS820 12M17/2011 Dawn 247 4 264 7 a5
MC920 121172011 Dawn 247 2 309 6 24
MC820 12172011 Dawn 247 3 281 16 112
MC920 121712011 Dawn 248 1 251 12 3
MC920 12M712011 Dawn 248 2 268 1 2t
MC920 12172011 Dawn 248 3 286 4 84
MC920 12/1712011 Noon 249 1 227 14 0
MC9o20 1201712011 Noon 249 2 263 5 30
MC920 12M17/2011 Noon 249 3 282 10 a8
MC820 1211712011 Noon 250 1 265 10 5
MCo20 1211772011 Naon 250 2 287 10 23
MCe20 121772011 Noon 250 3 3156 14 108
MCo20 121772011 Dusk 251 1 280 1 7
MC920 12172011 Dusk 251 2 262 4 25
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Dusk

120172011 3
AC25 1/7/2012 Dawn 252 |
AC25 17772012 Dawn 252 2
AC25 1/712012 Dawn 252 3
AC25 11712042 Dawn 253 1
AC25 /772012 Dawn 253 2
AC25 1712012 Dawn 253 3
AC25 712012 BDawn 254 1
AC25 11772012 Dawn 254 2
AC25 17712012 Dawn 254 3
AC25 11712012 Noon 255 1
AC25 1/7/2012 Noon 255 2
AC25 11712012 Noon 255 3
AC25 1/7/2012 Neon 256 1
AC25 14712012 Noon 256 2
AC25 17772012 Noon 256 3
AC25 1772012 Noon 257 1
AC25 712012 Noon 257 2
AC25 1/7/2012 Noon 257 3
AC25 1/7/12012 Dusk 258 1
AC25 17712012 Dusk 258 2
AC25 1/7/2012 Dusk 258 3
AC25 1712012 Dusk 258 1
AC25 1/7/12012 Dusk 259 2
AC25 1/712012 Dusk 259 3
AC25 11712012 Dusk 260 1
AC25 172012 Dusk 260 2
AC25 72012 Dusk 260 3
GBEG63 17812012 Dawn 261 1
GB6&63 17812012 Dawn 261 2
GB&68 1/8/2012 Dawn 281 3
GB6s8 11812012 Dawn 262 1
GB668 1/8/2012 Dawn 262 2
GB668 1/8/2012 Dawn 262 3
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Table E-1. {Conlinued}).

e e e olume Stered | Number of Larvas .
[e]2]:5:1:1 1812012 1 191 4
GBess 1/81201 2 2 138 29
GBes8 1/8/2012 3 178 72
GBGE8 1182052 1 168 3
GRE663 1/68/2012 2 168 30
GBE68 1812012 3 121 8 &0
GB668 11812012 1 199 13 3
B668 1/8/2012 Naon 265 2 175 13 29
&B668 1/8/2012 MNoon 265 3 135 11 82
(5B668 1/8/2012 Noan 266 1 192 ] 7
GB668 1812012 Noon 266 2 172 5 29
GBees 1/8/2012 Nocn 266 3 146 B 76
GB6s8 1/8/2012 Dusk 267 1 136 12 2
GBass 1/8/2012 Dusk 287 2 148 4 40
(GB668 1/8/2012 Dusk 287 3 121 16 66
GBS68 1/8/2012 Dusk 268 1 147 3 5
GB868 11812012 Dusk 268 2 144 3 24
GBG668 118/2012 Dusk 268 3 134 12 75
GB668 1/8/2012 Dusk 269 1 142 22 3
GB668 1/8/2012 Dusk 269 2 181 8 48
GB668 1/8/2012 Dusk 269 3 135 15 81
VK939 1/19/2012 Dawn 270 1 277 19 15
VK989 141912012 Dawn 270 2 173 4 24
VK989 119/2012 Dawn 270 3 180 17 64
VK389 1/19/2012 Dawn 271 1 241 13 19
VK989 1/19/2012 Dawn 271 2 168 15 23
VK389 11942012 Dawn 271 3 143 15 54
VKO89 171912012 Noon 272 i 224 6 15
VK989 171912012 Noon 272 2 234 12 33
VK989 1/19/2012 Noon 272 3 229 108 102
VK989 1/19/2012 Noon 273 1 219 \] 0
VK989 171942012 Noon 273 2 227 "] 1
VK989 1192012 Naon 273 3 195 11 7
VKea9 119/20%2 Dusk 275 1 220 6 10
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Table E-1. (Contin

ued).

S sofDay ' Tow Hat s | Numbersf Larvas |

11972012 Dusk 275 2 28
VK989 1/18/2012 Busk 275 3 57
VK989 1M19/2012 Dusk 276 1 12
VK989 1/19/2012 Dusk 276 2 42
VKo89 1/118/2012 Dusk 276 3 87
VKoB9 218672012 Dawn 277 1 51
VK989 21612042 Dawn 277 2 20
VK989 2/16/2012 Dawn 277 3 162
VKS89 2/16/2012 Dawn 278 1 1
VK989 216/2012 Dawn 278 2 11
VKgs9 2116/2012 Dawn 278 3 a7
ViKg8a 2116/2012 Noan 279 1 1
VK989 2/16/2012 Moan 279 2 13
VK989 2/16/2012 Noon 279 3 142
VK989 216/2012 Noon 280 1 4
VKa89 21812012 Nooa 280 2 15
VK989 2116120142 Moon 280 3 122
VKoa9 211612012 Dusk 281 1 2
VK989 2M16/2012 Dusk 281 2 12
VK989 21612012 Dusk 281 3 223 48 &7
VKS89 2/16/2012 Dusk 282 i 211 14 3
VK984 2162012 Dusk 282 2 157 4 21
VKoag 2/16/2012 Dusk 282 3 169 24 55
MC920 21712012 Noon 285 1 204 20 5
MCa20 2M7i2012 Noon 285 2 175 23 26
MC920 211712042 MNoon 285 3 133 172 4]
MCO20 211712012 MNoon 286 1 174 13 5
MC820 201712012 Noon 286 2 177 13 17
MC920 211772012 Noon 286 3 141 52 57
MCez20 11772012 Noan 287 1 161 7 7
MC320 1/17/2012 Noon 287 7z 165 19 1t
MC920 1172012 Necon 287 3 141 52 57
MC920 2/17/2012 Dusk 288 1 177 23 25
MCo20 2172012 Dusk 288 2 a8 21 4
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Tt | R | oo | Rorbererianas
3 a6 15 27
MC920 204712012 Dusk 289 1 170 38 22
MCoa2¢ 2/11/2012 Dusk 289 2 102 23 3
MC920 2/17/2012 Dusk 289 3 95 18 28
MC920 11742012 Dusk 280 1 188 21 4
MC820 11712012 Dusk 290 2 148 12 14
MC920 11772012 Dusk 290 3 131 3t 51
AC25 3172012 Dawn 291 1 173 30 2
AC25 3/1/2012 Dawn 291 2 122 22 13
AC25 3/1/2012 Dawn 291 3 109 93 100
AC25 3/1/2012 Dawn 293 1 156 41 3
AC25 3172012 Dawn 293 2 134 30 26
AC25 32012 Dawn 293 3 110 80 107
AC25 3/1/2012 Naon 294 1 180 14 7
AC25 31112012 Noon 204 2 140 21 20
AC25 3/1/2012 Noon 294 3 123 29 127
AC25 3172012 Noon 285 1 124 37 20
AC25 322 Noon 295 2 114 93 120
AC25 342012 Noon 295 3 124 173 109
AC25 31,2012 Noon 296 1 130 20 28
AC25 3/1/2012 Noon 296 2 109 1 3
AC25 312012 Noon 296 3 117 95 116
AL25 31/2012 Dusk 297 1 127 24 21
AC25 312012 Dusk 297 2 98 72 77
ACZ5 3/112012 Dusk 287 3 99 15 4
AC25 32012 Dusk 298 1 133 11 1
AC25 3/1/2012 Dusk 298 2 95 105 12
AC25 3112012 Dusk 298 3 108 34 80
AC25 3712012 Dusk 299 1 124 63 4
AC25 32012 Dusk 299 2 a9 30 13
AC25 3/1/2012 Dusk 209 3 104 56 103
VK389 3/16/2012 Dawn 300 il 138 8 5
VK989 3/M16/2012 Dawn 300 2 116 23 9
VKS89 3/16/2012 Dawn 300 3 153 53 a8
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Table E-1. (Continued).

“Sampling

T T olre T

e Tow, et ) omefleed |

3/16/2012 301 1 136

3/16/2012 301 2 103

3/16/2012 301 3 141

3162012 302 1 142

3/16/2012 302 2 108

3/16/2012 302 3 133

3/16/2012 303 1 168

3/16/2012 303 2 97
VKSBY 3/16/2012 303 3 140 41 118
VK989 3/16/2012 304 1 141 8 3
VK989 3/16/2012 304 2 122 15 17
VK989 3116/2012 304 3 138 26 115
MC920 3/17/2012 305 1 245 8 11
MGCa20 3/17/2012 305 2 181 15 19
MC920 372012 305 3 176 25 126
MC920 172012 306 1 229 22 6
MCo20 UiTI2012 306 2 223 22 20
MC920 3772012 306 3 172 10 112
MC920 3/17/2012 307 t 271 17 9
MC820 317/2012 307 2 229 16 22
MC920 3/1712012 307 3 187 29 144
MC920 31772012 308 1 189 27 0
MC920 31772012 308 2 210 1 24
MC920 /172012 308 3 166 72 109
MCo20 372012 309 1 196 5 9
MCS520 3/17/2012 309 2 202 7 26
MCH20 3172012 309 3 192 50 89
MC520 3172012 310 1 182 23 8
MC920 372012 310 2 183 18 26
MC920 3172012 310 3 168 31 131
AC25 3/29/2012 311 1 180 21 10
AC25 3/29/2012 31 2 206 7 21
AC25 3/29/2012 311 3 16 23 215
AC25 32972012 312 1 258 28 7
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Table E-1. (Continued).

“Sampling:

“Dafe

Volume Filtered

(')

Larvae

3/29/2012 2 185

AC25 3/29/2012 Naon 312 3 146 18 102
GB66R 3/30/2012 Dawa 313 1 189 22 8

(GBS6S 3/30/2012 Dawn 313 2 166 4 26
GB668 313072012 Dawn 313 3 142 38 68
VK989 4/11/2012 Dawn 314 1 190 8 1

VKoag 4112012 Dawn 314 2 213 11 63
VK989 41172012 Dawn 314 3 273 210 168
VIKg89 411/2012 Dawn 315 1 261 87 421
VK989 4/11/2012 Dawn 315 2 238 5 12
VK989 41172012 Dawn 315 3 214 19 58
VKg89 41112012 Dawn 316 f 7 34 a1
VK989 41172012 Dawn 316 2 196 14 51

VK989 4111/2012 Dawn 316 3 195 210 159
VKo8Y 4111/2012 MNoon 317 1 198 11 1

VKoBY 411112012 Noon It7 2 197 25 B3
VK889 4/11/2012 Naon 317 3 204 212 72
VKa89 4/11/2012 Noon 318 1 242 26 3

VK989 41172012 Naoh 318 2 177 38 29
VK988 4/11/2012 Naon 318 3 199 201 36
VKO85 411/2012 Dusk 319 1 234 20 56
VKO8Y 471172012 Dusk 319 2 199 51 56
VK989 41172012 Dusk 319 3 164 210 95
VKe89 41172012 Dusk 320 1 200 9 12
VK989 4112012 Dusk 320 2 176 21 52
VK989 4/11/2012 Dusk 320 3 132 208 83
MC820 41272012 Dawn 321 1 240 22 86
MCo20 41212012 Dawn 322 1 187 0 12
MC920 4112/2012 Dawn 32z 2 216 12 28
MC9oz0 4112/2012 Dawn 322 3 220 59 108
MCg20 4/112/2012 Dawn 323 1 207 12 11

MCg20 4/12/2012 Dawn 323 2 127 12 16
MC920 4/12/2012 Dawn 323 3 147 22 77
MCO20 4/28/2012 Dawn 324 1 167 15 21
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Table E-1.

(Continued).

: Tumeof Day:: g oW ; Mm% |/ Nuriber fLarvae
MC920 4/28/2012 Dawn 324 2 146 18 a8
MC920 4/28/2012 Dawn 324 3 141 70 4
MCa20 412812012 Dawn 325 1 187 10 6
MC920 428/2012 Dawn 325 2 141 17 27
MCaz20 4128/2012 Dawn 325 3 128 48 a8
MC820 4/28/2012 Noon 326 1 146 o 6
MCa20 4{28/2012 Noon 326 2 100 8 27
MC920 4/28/2012 Noon 326 3 120 29 a2
MC820 4/28/2012 Noon 327 1 196 26 7
MC920 4/28/2012 Noon 327 2 138 9 a5
MCo20 4/28/2012 Noon 327 3 145 41 38
MC920 4/28/2012 Noon 328 1 180 26 6
MC920 4/28/2012 Noon 328 2 142 ] 16
MC920 412812012 Noon 328 3 133 34 49
MC920 4/28/2012 Dusk 328 1 175 45 13
MC920 4/28/2012 Dusk 329 2 135 15 34
MC920 472812012 Dusk 329 3 131 38 43
MCo20 412812012 Dusk 330 1 172 22 5
MC920 4/28/2012 Dusk 330 2 169 9 40
MC920 4/28/2012 Dusk 330 3 150 21 58
MC920 4/28/2012 Dusk 331 1 77 18 13
MC920 4/28/2012 Dusk 331 2 201 7 59
MC920 4/28/2012 Dusk 331 3 168 32 108
VK989 4/29/2012 Dawn 332 1 129 5 3
VK989 4129/2012 Dawn 332 2 a7 4 27
VK389 4/29/2012 Dawn 332 3 158 86 108
VKS89 4/29/2012 Noon 333 1 142 4 3
VK980 472912012 Noon 333 2 97 24 19
VK980 4/29/2012 Noon 333 3 413 75 39
(GBe6s 5/10/2012 Dawn 334 1 244 16 9
GBess 51072012 Dawn 334 2 192 11 21
GB668 5/10/2012 Dawn 334 3 163 i2 91
GBess 5110/2012 Dawn 335 1 220 17 4
GB6E8 502012 Dawn 335 2 198 9 8
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Table E-1. {Continued).

“Sampling

| Numbsrof Larvae |

oo iiDate o
GB668 5{10/2012 Dawn 335 3 178 51 97
GBRES 5M10/2012 Dawn 336 1 212 21 9
GRE&S 5{10/2012 Dawn 336 2 219 17 21
SBE6E 5/10/2012 Dawn 336 3 141 27 85
(58668 5M10/2012 Noon 337 1 218 20 8
GB6e58 5/10/2012 Noon 337 2 221 8 22
GB&68 5/10/2012 Noon 337 3 171 37 68
GB66S 5/10/2012 Noon 338 1 230 13 7
GBE&68 51072012 Noon 338 2 213 0 12
GB668 5/10/2012 Naon 338 3 156 22 64
GRE63 S/T0F2012 Noon 339 1 203 36 8
R663 514042012 Noon 339 2 180 5 13
GB668 5/10/2012 Noon 338 3 131 28 67
GB668 5/10/2012 Dusk 3440 1 181 19 1
GB668 5/10/2012 Dusk 340 2 188 31 9
GB668 5/10/2012 Dusk 340 3 148 29 82
(5B668 5/10/2012 Dusk 341 1 174 14 4
GR&68 5/10/2012 Dusk 341 2 154 B 8
GB668 5M10/2012 Dusk 341 3 44 60 93
(GBGE68 5/10/2012 Dusk 342 1 165 245 25
GHE6d 51072012 Dusk 342 2 159 a1 58
GB668 5/10/2012 Dusk 342 3 150 25 21
VK989 572472012 Drawi 343 1 244 4 14
ViKgBD 5/24/2012 Dawn 343 2 236 0 <]
VK988 5/24/2012 Dawn 343 3 271 210 172
ViKo89 5/24/2012 Dawn 344 1 322 7 17
VK989 52412012 Dawn 344 2 318 23 16
VK989 52402012 Dawn 344 3 349 102 262
VK989 5/24/2012 Naaon 345 1 268 7 3
VK989 5/24/2012 Noon 345 2 282 8 4
VK989 5/24/2012 Noon 345 3 328 12 408
VK989 52412012 Dusk 347 1 243 10 7
VK989 5/24/2012 Dusk 347 2 254 12 7
VK989 5/24/2012 Dusk 347 3 290 210 362
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Table E-1. {Continued).

VK989 52472012 Dusk 348 1 13 6
VK989 5/24/2012 Dusk 348 2 13 8
VKS89 5iz24/2012 Dusk 348 3 205 266 308
VKeB9 5124/2012 Deisk 349 1 207 4 4
VKga9 /242012 Dusk 349 2 228 28 5
VK989 512412012 Dusk 349 3 196 210 336
MC920 512512012 Dawn 350 k| 222 16 5]
MC920 512512012 Dawn 350 2 268 17 43
MCo20 5/25/2012 Bawn 350 3 215 51 118
MC920 5125i2012 Dawn 351 1 252 1 4
MC920 5/25/2012 Dawn 351 2 218 5} 1
MC920 8/25/2012 Dawn 351 3 1655 b2 108
MCo20 5/25/2012 Dawn 352 4 251 9 "
MCo20 5/25/2012 Dawn 352 2 221 13 23
MCse20 5125/2012 Dawn 352 K] 137 83 87
MCg20 BI25/2012 MNoon 353 1 215 19 [£]
MCo20 biz25/2012 Moon 353 2 157 16 18
MC920 5/25/2042 Naon 353 3 142 10 66
MC920 512512012 Noon 354 1 326 ] 3]
MC920 512512012 Noon 354 2 259 19 26
MC820 5/25/2012 Noon 354 3 158 21 100
MCazo 5/25/2012 Noon 355 1 295 17 7
MC920 5/25/2012 Noen 355 2 240 27 37
MC920 5/25/2012 Noon 355 3 141 21 143
MCS20 5/25/2012 Daisk 3686 1 270 27 7
MCg20 5262012 Dusk 356 2 191 12 20
MCaz0 BI25{2012 Dusk 3586 3 157 21 90
MCaz0 bI2520142 Dusk 357 1 279 aQ 4
MC920 512512012 Dusk 357 2 220 17 14
MC920 5/25/2012 Dusk 357 3 143 17 120
MCg20 572512012 Dusk 358 1 190 16 6
MCa20 5252012 Dusk 358 2 170 13 28
MCaz20 5/25/2012 Dusk 358 3 175 49 120
GB&68 6/8/2012 Dawn 359 1 177 1 3
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Table E-1. {Continued).

Station

Sampling

2

Volu 5 Ei_'te_{"f T

:-" ‘Dafe’ s Am) i

GB668 6/8/2012 2 128 5 16
GB668 6/8/2012 3 128 35 138
GBe68 B/B/2012 1 161 18 1
(GB668 6/8/2012 2 134 9 14
GB668 6/8/2012 3 109 0 86
5B668 6/8/2012 1 178 3 2
GB668 6/8/2012 2 171 5 19
GB668 5/8/2012 3 106 15 71
B668 6/8/2012 1 181 1 2
{3B668 6/8/2012 2 108 2 11
GB66& 6/8/2012 3 165 14 86
GB668 B/8/2012 1 168 18 1
GHESE 6/8/2012 2 112 10 i2
GB&6E 6/8/2012 3 162 24 102
GBE668 6I8/2012 1 189 3 2
GBE68 61812012 Noon 364 2 226 3 26
GBG68 6/8/2012 Naon 364 3 275 24 69
GB668 B/8/2012 Dask 365 1 210 8 113
GE668 6/8/2012 Dusk 365 2 131 3 9
B668 6/8/2012 Dusk 365 3 159 17 113
(:B6638 6/8/2012 Dusk 366 1 158 Q 0
GB668 6/8/2012 Dusk 366 2 150 9 18
GB668 6/8/2012 Dusk 366 3 208 26 182
GHEES 6/8/2012 Dusk 367 1 164 3 §
GBE6S 6/8/2012 Dusk 367 2 156 9 15
GBess B/B2012 Dusk 367 3 211 31 163
ALZS5 6/9/2012 Noon 368 1 173 10 7
AC25 6/9/2012 Naon 368 2 157 1 13
AC25 6/9/2012 Noon 368 3 31 14 219
AC25 6/9/2012 Noon 369 1 178 7 6
AC25 6/9/2012 Noon 369 2 186 13 7
AC25 B/g/2012 Noaon 369 3 184 41 300
AC25 6/9/2012 MNoon 70 1 168 1 3
AGC25 6/9/2012 Noon 370 2 155 2 14
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Tow. 0 Net o VoW EMEd | umberof £ggs | Numberof Lavas

370 3 157 12 242
ACZ5 6/9/2012 Dusk a7 1 187 ) 3
AC25 6/9/2012 Dusk 371 2 209 12 18
AC25 6/9/2012 Dusk 371 3 168 14 271
AC25 6/9/2012 Dusk 372 1 179 1 4 {
AC25 6/9/2012 Dusk a72 2 184 1 0
AC25 6/9/2012 Dusk 372 3 164 10 223
AC25 6/9/2012 Dusk 373 1 173 3 5 /
AC25 6/9/2012 Dusk 373 2 191 1 20 £
ACZ5 6/9/2012 Dusk 373 3 130 19 178 .
AC25 6/29/2012 Dawn 374 1 212 7 10
AC25 6/20/2012 Dawn 374 2 151 5 30
ACZ5 6/29/2012 Dawn 374 3 160 45 92
AC25 6/29/2012 Dawn 375 1 185 1 10 ;
AC25 6/29/2012 Dawen 375 2 186 0 30 :
ACZ5 6/20/2012 Dawn 375 3 159 26 104 -
AC25 6/20/2012 Noan 376 1 189 B 7 :
AC25 6/20/2012 Noon 376 z 178 18 33
AC25 6/28/2012 Naon 376 3 183 227 03
AC25 6/29/2012 Dusk 377 1 207 6 6
AC25 6/29/2012 Dusk 377 2 174 4 26
AC25 6/20/2012 Dussk 377 3 129 12 a4
AC25 6/29/2012 Dusk 378 1 271 9 10
AC25 6/28/2012 Dusk 378 2 233 15 79
AC25 6/29/2012 Dusk a78 3 150 1 17 _
AC2S 6/20/2012 Dusk 379 1 130 0 4 {
AC25 6/25/2012 Dusk 379 2 162 3 28
AC25 6/29/2012 Dusk 379 3 151 2 57
GBE668 6/30/2012 Dawn 380 1 163 [ 3
GB668 6/30/2012 Dawn 380 2 115 4 12
GB663 6/30/2012 Dawn 380 3 128 16 50
AC25 713/2012 Dawn 282 1 227 8 3
AC25 7M13/2012 Dawrn 382 2 174 48 18 ;
AC25 71312012 Dawn 382 a 224 210 156
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1 214 4 3
AC25 TI32012 Dawn 383 2 224 94 11
AC25 T/E3/2012 Dawn 383 3 254 125 348
AC25 711312012 Noon 384 1 159 2 4
AC25 711312012 Naon 384 2 173 4 25
AC25 7/13/2012 MNoon 384 3 134 10 215
AC25 7132012 Naon 385 1 157 4 7
AC25 71312012 Noon 385 2 144 7 9
AC25 711312012 MNoon 385 3 140 8 235
AC25 711372012 Noon 386 1 51 5 14
AC25 771312012 Noan 338 2 110 S 259
AC25 7/13/2012 Noen 385 3 136 9 19
AC25 11372012 Dusk 387 1 148 1 2
AC25 7M3/2012 Dusk 387 2 161 5 17
ALC25 11372012 Dusk as7 3 197 19 399
AC25 711372012 Dusk 388 1 132 1 1
AC25 71312012 Dusk 388 2 187 5 25
ACz5 7113/2012 Dusk 388 3 186 6 398
AC25 71312012 Dusk 389 1 170 3 3
AC25 TH3/20%2 Dusk 389 2 168 5 27
AC25 TI43/2042 Dusk 3489 3 198 3 297
GB668 TH42012 Dawn 390 1 159 4 2
GR668 7M14/2012 Dawn 390 2 165 78 14
GB&68 71412012 Dawn 390 3 180 210 57
GB668 7114/2012 Bawn 391 1 252 18 2
GB668 7M14/2012 Dawn 391 2 232 11 22
(GB668 711412012 Dawn 391 3 87 185 54
(GBESB 7/1442012 Dawn 392 1 214 27 5
GBES8 71442012 Dawn 392 2 204 17 2t
GBeas TM412012 Dawn 392 3 209 163 78
GB668 711412012 Nocn 393 1 147 k] 1
G668 711412012 Noon 393 2 176 2 3
GRBG68 711472012 Noon 383 3 169 25 77
GB&63 7114/2012 Noon 394 1 142 5 3
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g5 | Numbor of Larvae.

2 18
GBE68 TH14/2012 Naoon 394 3 76
GRE68 TH42012 Naon 395 1 2
GB668 7H14/2012 Noon 395 2 32
GB663 7/14/2012 Noon 395 3 89
GB&68 71412042 Dusk 396 1 6
(B668 7452012 Dusk 396 2 9
(5B&68 TH4l012 Dusk 396 3 122
GR&6B 71412012 Dusk 397 1 9
GBo6G6E 7/14/2012 Dusk 387 2 213 124 16
GR&s8 71472012 Dusk 397 3 154 16 64
GR&68 7H4/2012 Dusk 398 i 212 | 7
58668 711472012 Dusk 398 2 163 36 15
GB668 7/14/2012 Dusk 398 3 167 16 82
MC920 7/16/2012 Dawn 399 1 145 2 2
MCg20 7/16/2012 Dawn 399 2 138 8 16
MC920 7/16/2012 Dawn 399 3 150 12 116
MC920 7182012 Dawn 400 1 161 8 3
MC920 7/16/2012 Dawn 400 2 138 8 24
MCa20 71162012 Dawn 400 3 157 10 134
MC920 7/16/2012 Noon 401 1 183 2 3
MC920 7/16/2012 Noon 401 2 155 3 27
MC920 7/116/2012 Neoon 401 3 170 0 81
MC920 762012 Noon 402 1 60 2 2
MCo20 7H16/2012 Noon 402 2 170 0 23
MCg20 7116/2012 Noon 402 3 159 2 7
MCo20 TH6/2012 Naon 403 1 163 7 [}
MC920 7/16/2012 Noon 403 2 173 3] 28
MCo20 7/16/2012 Noon 403 3 158 1 92
MCo20 7/16/2012 Dusk 404 | 158 5] 9
MCo20 716/2012 Dusk 404 2 148 4 1
M(920 71672012 Dusk 404 3 160 4 82
M(>820 71612012 Dusk 405 1 169 9 11
MCa20 7I16/2012 Dusk 405 2 122 4 18
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Tabte E-1. {Continued).

Sampiing -

“Date

Tow

-
o0

“Number of Larvae

MCg20 7/16/2012 405 k] 88
MCo20 7/16/2012 405 1 12
MC920 7/16/2012 408 2 25
MC920 7/116/2012 406 3 104
VK989 71772012 407 % 3
VK989 772012 407 2 6
VKG89 7712012 407 3 191
VK989 7712012 408 1 1
VKOBS TH72012 408 2 5
VK989 THTI2012 408 3 159
VK959 TH7R2012 409 1 L
VK989 TH7I2012 409 2 9
VK989 772012 408 3 116
VK989 717/2012 410 1 2
VK889 71712012 410 2 18
VK989 TH7R2M2 419 3 179
GB668 7/27/2012 411 1 7
GB668 7272012 411 2 12
GB66S 7/2712012 41 3 100
GB668 7/27/2012 412 1 165 0 4
GB668 712772012 412 2 187 0 16
(3B668 71272012 412 3 163 1 11
GBB&B 712872012 413 1 221 G g
GHESE 7/28/2012 413 2 223 4 22
GBe6s 7/28/2012 413 3 208 13 138
GB668 7128/2012 414 1 287 2 9
(GB&63 7/28/2042 414 2 223 1 19
GR&68 7128/2012 414 3 157 13 116
GR&6S 7i28/2012 415 1 240 5 2
GB668 712812012 415 2 170 18 27
GB663 7/28/2012 415 3 147 15 145
GB668 71262012 416 1 171 0 0
GB668 71282012 416 2 134 4] 0
(3B668 71282012 416 3 167 & 79
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Tov Nt | Number of Egs | Number of Larvag -

417 1 26 3
712812012 MNoon 417 2 14 12
7/28/2012 Noon 417 3 29 95
7128/2012 Noon 418 1 ] 5
712812012 Naon 418 2 1 26
712812012 Noon 418 3 " 115
7/28/2012 Dusk 419 1 6 1
7/28/2012 Dusk 419 2 4 12
712812012 Dusk 419 3 23 146
7/28/2012 Dusk 420 1 5 1
7/28/2012 Dusk 420 2 5 13
712812012 Dusk 420 3 17 120
7130/2012 Dawn 421 1 2 1
7/30/2012 Dawn 421 2 1 10
7130/2012 Dawn 421 3 39 55
7130/2012 Dawn 422 t 3 5
713012012 Dawn 422 2 0 14
713012012 Dawn 422 3 17 75
7/30/2012 Dawn 424 1 1} 3
713072012 Dawn 424 2 4 4
7130/2012 Dawn 424 3 17 a0
7/30/2012 Noon 425 1 7 13
7/30/2012 Noon 425 3 7 89
7430/2012 Noon 426 1 2 4
7/30/2012 Noon 426 2 2 17
7/30/2012 Noon 425 3 4 66
7130/2012 Noon 427 1 5 4
713052012 Noon 427 2 12 12
713042012 Neon 427 3 8 BS
713042012 Dusk 428 1 ¥ 2
713072012 Dusk 428 2 163 0 7
7/30/2012 Dusk 428 3 189 7 50
7130/2012 Dusk 429 1 215 11 1
7/30/2012 Dusk 429 2 196 0 8
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MC920 7130/2012 Dusk 430 1 2
MCa20 7/30/2012 Dusk 430 2 11
MC92( 7/30/2012 Dusk 430 3 81
VKO88 713172012 Dawn 431 1 0 8 6
VK989 7/31/2012 Dawn 431 2 0 4 <]
VK989 77312012 Dawn 431 3 0 69 109
VK989 773112012 Dawn 432 1 258 0 7
VKg8a 7/31/2012 Dawn 432 2 238 32 7
VK589 T131/2012 Dawn 432 3 217 138 132
VK989 773172012 Dawn 433 1 213 9 3
VK289 7/31/2012 Dawn 433 2 224 17 7
VK989 71312012 Dawn 433 3 197 130 119
VK989 7/31/2012 Noan 434 1 198 9 1
vKaag 713172012 Noon 434 2 203 11 6
VK989 713172012 Noon 434 3 203 27 249
VK989 713172012 Noon 436 1 274 5 4
VK988 713172012 Naon 436 2 164 G 8
VK988 7/31/2012 Noon 436 3 190 21 150
VK989 773112012 Dusk 438 1 237 0 4
VK884 7/31/2012 Dusk 438 2 187 0 9
VK989 Ta12012 Dazsk 438 3 180 29 184
VIK9BG 7/31/2012 Dusk 439 i 269 7 2
VK889 7/31/2012 Dusk 439 2 147 4 1
VK989 7131720142 Dusk 439 3 195 7 185
AC25 8/17/2012 Dawn 440 1 192 3 6
AC25 BM7/2012 Dawn 440 2 196 2 28
AC25 8/17/2012 Dawn 440 3 71 69 143
AC25 8172012 Dawn 441 1 221 4 5
AC25 8/17/2012 Dawn 441 2 231 11 26
AC25 8/17/2012 Dawn 441 3 160 18 113
AC25 B8/17/2012 Noon 442 1 177 15 3
AC25 B/17/2012 Noon 442 2 182 16 32
AC25 BM7/2012 Noon 442 ) 166 20 128
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Tabie E-1. {Continued).

_'ﬁ;.:_'-::'ﬁz'féﬁpn:'__ --:.-:-'D'a{é:-. e of :_..:':FC_!._WZ “Net.:

AC25 8/17/2012 Noon 443 1

AC25 81712012 Noon 443 2

AG25 8/1712012 Nocn 443 3 8 102
AG25 81772012 Noon 444 1 16 3
AC25 8i17/2012 Noan 444 2 18 22
AC25 811772012 Noon 444 3 61 114
AC25 8/17/2012 Dusk 445 i 10 1
ACZ5 81712012 Dusk 445 2 1 7
AC25 8/17/2012 Dusk 445 3 22 118
AC25 81712012 Dusk 446 1 2 10
AC25 B/7I20142 Dusk 446 2 3] 22
AC25 B8/M17/2012 Dusk 446 3 ] 99
AC2Z5 8M7i2012 Dusk 447 1 0 3
AC25 871712012 Dusk 447 2 2 15
AC25 8/17/2012 Dusk 447 3 7 154
GRe68 8/18/2012 Dawn 448 1 4 12
GBEsS 8/18/2012 Bawn 448 2 11 46
GBa66s 8/18/2012 Dawn 448 3 19 2%
GB668 B/18/2012 Dawn 449 1 2 6
GB668 8/18/2012 Dawn 449 2 1 11
GBB68 8/18/2012 Dawn 449 3 19 84
GB66S 9/6/2012 Noon 451 1 17 5
GB668 9612012 Noon 451 2 3 18
GR6&68 9/6/2012 Noon 451 3 23 62
GB668 H/6/2012 Noon 452 1 4 8
GB668 %/6/2012 Noon 452 2 [ 16
GR668 9/6/2012 Noon 452 3 5 63
GB668 9/6/2012 Busk 453 1 1 16
GBE6638 9/6/2012 Dusk 453 2 0 45
GB668 /62012 Dusk 453 3 4 6
GB568 9/6/2012 Dusk 454 1 5 4
GB8ess /612012 Dusk 454 2 9 24
GB6GS 9/6/2012 Dusk 454 3 4 68
GB668 9/6/2012 Dusk 455 1 4] 1
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Table E-1. (Continued}.

Station " | ‘Nlumber of £qg rofL
GB668 2 0 18
{3BE6B 9/6/2012 Dusk 455 3 168 4 78
VK989 9/21/2012 Dawn 456 1 60 1 10
VK989 912172012 Dawn 456 2 192 2 7
VK989 9/21/2012 Dawn A58 3 162 7 48
VK989 9/21/2012 Dawn 457 ki 225 2 7
VK989 9/21/2012 Dawn 457 2 174 1 9
VK989 8/21/2012 Dawn 457 3 174 7 a2
vKo89 9/21/2012 Dawn 458 1 151 1 9
VK989 9/24/2012 Dawa 458 2 215 7 15
VK989 9/21/2012 Dawn 453 3 186 20 g2
VK989 9/21/2012 Naon 459 1 166 2 6
VKage 9/21/2012 Noon 459 2 183 5 11
VK989 8/21/2012 Noon 459 3 180 12 84
VK989 9/21/2012 Noon 460 1 162 2 6
VK989 9/21/2012 Noon 460 2 159 4 3]
VK989 9/21/2012 Noen 460 3 150 13 79
VK989 972112012 Noon 461 1 74 3 3
VK989 9/21/2012 Noon 461 2 124 1 7
VK989 8/21/2012 Noon 461 3 149 6 77
VK989 972112012 Dusk 463 1 167 6 3
VK989 8/21/2012 Dusk 463 2 193 3 5
VK989 9/21/2012 Dusk 463 3 163 13 70
VK389 9/21/2012 Dusk 464 1 90 3 5
VKaBs9 9/21/2012 Dusk 464 2 196 ] 6
VK989 9/21/2012 Dusk 464 3 167 15 76
VK989 9/21/2012 Dusk 465 1 202 G 8
VK989 9/21/2012 Dusk 465 2 170 4 2
VK989 8/21/2012 Dusk 465 3 168 a 67
MCg20 972212012 Dawn 4686 1 171 0 5
MC920 9/22/2012 Dawn 466 2 154 {0 16
MC920 92212012 Dawn 466 3 151 7 69
MC920 9/22/2012 Dawn 467 1 380 1 3
MCS20 9/22/2012 Dawn 467 2 163 5 9
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Table E-1. (Continued).

‘Sampling.

: bt e of Tow Py er of Eggs | Number of Larvae |
MC920 9/22/2012 Dawn 467 3 164 10 98
MC920 9/22/2012 Dawn 468 1 163 1 4
MCO20 972212012 Dawa 468 2 153 1 12
MCoz20 /2212012 Dawn 468 3 162 12 97
MCS20 92212012 Neoon 469 1 98 1 2
MG920 9222012 Noon 469 2 189 1 6
MCa20 9/22/2012 MNoon 464 3 174 13 82
MCH20 9/22/2012 Noon 470 1 165 1 4
MC920 9/22/2012 Noon 470 2 47 2 14
MCa20 9/22/2012 Noan 470 3 184 7 49
MCaz0 912212012 Noon 471 1 151 0 3
MC920 912272012 Noon 471 2 184 1 12
MC920 9/22/2012 Noon 471 3 172 10 58
MC920 9/22/2012 Dusk 472 1 160 3 1
MC920 922/2012 Dusk 472 2 154 4 9
MCo20 9/22/2012 Dusk 472 3 139 5 54
MCo20 9/22/2012 Dusk 473 1 14 3 1
MC920 912212012 Dusk 473 2 152 1 6
MC920 9/22/2012 Dezsk 473 3 138 4 48
MC920 9/22/2012 Dezsk 474 1 163 2 8
MCH20 9/22/2012 Dusk 474 2 151 0 9
MC920 ai2z2/2012 Dusk 474 3 142 3 42
AC25 10472012 Dawn 475 1 268 2 5
AC26 10/4/2012 Drawn 475 2 170 1 16
AC25 10/4/2012 Dawn 475 3 204 2 94
AC25 10/4/2012 Dawn 476 1 181 4 3
AC2S 10/4/2012 Dawn 476 2 159 0 10
AC25 10/4/2012 Dawn 476 3 212 2 112
ALC25 10/4/2012 Dawn 477 1 198 3 5
AC25 10/4/2012 Dawn 477 2 158 0 15
AC25 10/4/2012 Dawn 477 3 183 1 a0
AC25 10/4/2012 Naon 478 1 179 1 9
AC25 10/4/2042 Noon 478 2 152 0 22
AC25 £0/4/2012 Noon 478 3 174 2 85




23

=
®

T Nt

‘Number of Larvae

10/4/2012

479

1 3 4
AC25 10/4/2012 Noon 479 2 157 1 19
AC25 1044/2012 Noon 479 3 164 2 85
AC25 10/4/2012 Noon 480 1 37 0 3
AC25 10/4/2012 Noon 480 2 174 1 12
AC25 10/4/2012 Noaon 480 3 194 ) B0
AC25 10/4/2012 Dusk 481 1 173 i 3
AC25 10/4/2012 Dusk 481 2 172 0 16
AC25 0/4/2012 Dusk 481 3 173 ] 20
AC25 10/4/2012 Dusk 482 1 177 3 9
AC25 10/4/2012 Dusk 482 2 187 3 7
AC25 10/4/2012 Dusk 482 3 165 3 77
AC25 10/4/2012 Dusk 483 t 168 1 7
AC25 10/4/2012 Dusk 463 2 173 0 17
AC25 10/4/2012 Dusk 483 3 158 6 85
(3B668 10/5/2012 Dawn 484 1 174 0 2
GRess 10/5/2012 Dawn 484 2 150 0 1t
GB668 10/5/2012 Dawn 484 3 167 4 91
GB&68 10/5/2012 Dawn 486 1 152 2 5
(GHEGS 10/6/2012 Dawn 486 2 $29 0 12
8668 10/5/2012 Dawn 486 3 138 5 55
(58668 10/56/2012 Noan 487 1 137 2 4
GHB66 10/5/2042 Noon 487 2 137 4] 14
GB668 10/5/2012 Noon 487 3 154 8 68
GB&6A 10/5/2012 Naon 488 1 149 0 5
GR&6E 10/5/2012 Noon 488 2 141 1 10
(5B668 10/6/2012 Noon 448 3 147 13 &6
GRE68 10/6/2012 Noon AB8Y 1 174 2 2
GRG68 10/5/2012 Noan 489 2 166 0 14
GBG68 10/5/2012 Moon 488 3 160 9 A4
B668 10/5/2012 Dusk 480 1 135 4 3
B663 10/5{2012 Dusk 490 2 141 o 7
GB668 10/5/2012 Dusk 490 3 152 5 69
(5B668 1045/2012 Dusk 481 1 141 3 8




€3

Table E-1.

(Continued).

Samping’

SinDate ofDay : Et Num erofLarvae
10/5/2012 Dusk 491 2 12
10/5/2012 BDusk 491 a 64
10/5/2012 Dusk 492 1 4]
10/5/2012 BPusk 492 2 3
107542012 Dusk 492 3 69
VK989 10/87/2012 Dawn 454 1 7t 1 5
VK980 10/7/2012 Dawn 494 2 142 2 5
VK980 10/17/2012 Dawn 494 3 160 9 75
VK989 10/17/2012 Dawn 495 1 143 3 2
VK989 10/17/2012 Dawn 495 2 176 2 11
VK989 16/17/2012 Dawn 495 3 178 12 66
VK989 16/17/2012 Dawn 496 1 146 4 2
VK889 10/17/2012 Dawn 496 2 154 2 10
VK9ge 10/17/2012 Dawn 496 3 162 45 77
VK989 10/17/2012 Noon 497 1 170 1 3
VK989 101712012 Moon 497 2 151 10 20
VK988 101712012 Noon 497 3 167 5 87
VK98e 101712012 Noon 498 1 198 3 3
VK989 10/17/2012 Noon 498 2 198 ;] 19
VK989 10/17/2012 Noon 498 3 17% 5 99
VKoagg 10/17/2012 Noon 499 1 200 1 10
VK989 10/17/2012 Noon 499 2 194 8 19
VK989 10/17/2012 Noon 499 3 187 7 83
GB668 10/31/2012 Dusk 500 1 135 2 4
GB668 10/31/2012 Dusk 500 2 132 1 8
GBE668 10/31/2012 Dusk 500 3 150 2 45
GBRE68 10/31/2012 Dusk 501 1 159 2 4
GBE6S 10/31/2012 Dusk 501 2 161 a 7
GB668 40/31/20642 Dusk 501 3 189 12 66
GB668 1073172042 Dusk 502 t 171 2 4
GBa68 10/31/2012 Dusk 502 2 157 0 9
GBe&s8 10/34/2012 Dusk 502 3 208 18 47
AC25 11/1/2012 Dawn 503 1 144 1 7
AC25 111172012 Dawn 503 2 144 Q 18
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AG25 11/1/2012 504 1 150 2 8
AC25 11172012 504 2 171 2 22
AC25 11M1/2012 504 3 173 4 189
AC25 11/1/2012 505 1 159 0 5
AC25 11112012 505 2 164 1 4
AC25 11172012 505 3 71 i1 182
AC25 11172012 506 1 160 4 7
AG25 11/1/2042 506 2 155 0 13
AC25 11/1/2042 508 3 171 2 167
AC25 11/4/2012 508 1 154 0 2
AC25 11712012 508 2 148 1 19
AC25 11112012 508 3 170 6 128
AC25 i1/1/2012 509 H 163 o 5
AC25 1111/2012 509 2 146 1 14
AC25 11/1/2012 508 3 152 0 21
AC25 11/1/2012 510 1 173 1 5
AC25 11/1/2012 510 2 170 7 16
AC25 117172012 510 3 164 3 142
AC25 11172012 512 1 151 2 6
AC25 111/2012 512 2 151 1 18
AC25 11/1/2012 512 3 154 2 57
AC25 11/2/2012 513 1 166 3 B
AC25 1422012 513 2 152 2 16
AC2S5 147202012 513 3 153 3 193
AC25 111272042 514 1 148 0 5
AC25 11/2/2012 514 2 144 2 15
AC25 117242012 514 3 173 10 129
AC25 117212012 515 1 145 1 3
AC25 114212012 515 2 141 1 26
AC25 11/2/2012 515 3 174 20 119
AC25 11/2/2012 517 1 172 3 4
AC25 11/2/2012 517 2 174 13 7
AC25 11/2/2012 517 3 192 ] 187
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Tabie E-1. {Continued).

o e o | ‘Numberof Eggs | Number of Larvas
AC25 t1/2/2012 Noon 5t8 1 4] 7
AC25 11/2/2012 Noon 518 2 3 30
AC25 117272012 Noon 518 3 4 as
VK38e 1/19/2013 Naocn 525 1 3 4
VK989 1/49/2013 Naon K25 2 2 4
VKO8g 111972013 Moon 525 3 28 5
VK989 1/19/2013 Moon 526 1 4 g
VK989 111862013 Noon 526 2 33 5G
VK989 1/19/2013 Noon 526 3 38 53
VKa89 1/19/2013 Busk 527 1 1 2]
VK989 1/419/2013 Dusk 527 2 14 51
VK989 1/19/2013 Dusk 527 3 83 76
VKe8g 1/19/2013 Dusk 529 1 g 16
\VKogg 1/19/2013 Dusk 529 2 20 42
VK989 1M19/2013 Dusk 529 3 89 a2
VK989 1/19/2013 Dusk 530 1 7 10
VK389 1/19/2013 Desk 530 2 4 13
VK989 171912013 Dusk 530 3 39 53
MCo20 112412013 Dawn 531 1 9 [£]
MC9a20 142412013 Dawn 531 2 2 32
MCo20 1/24/2013 Dawn 531 3 L] 9
MC920 1/24/2013 Dawn 532 1 1 7
MCa20 1/24/20:13 Dawn 532 2 3 23
MCoz20 112412013 Dawn 532 3 9 25
MCo20 1/24/2013 Dawn 533 1 7 43
MCezao 1/24/2013 Dawn 533 2 4 21
MCS20 1/24/2013 Dawn 533 3 11 54
MCg20 1/24/2013 MNoon 534 1 1 4
MC920 112412013 Noon 534 2 B 25
MC920 1/24/2013 Noon 534 3 4 89
MCa20 1/24/2013 Naon 5as 1 4 3
MCa20 112412013 Noon 535 2 5 18
MCg20 1/24/2013 Noon 535 3 12 65
MC920 /2412013 Necon 538 1 0 2
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Table E-1. (Continuad).

S Station ] e Sa[r,na;;gng Lo} o Time.of Day < e D let 1 '_Y"_'.‘f’.“(fh) ; {:‘Number of Eqgs | .:Numbar of Earvae
MC920 1/24/2013 Noon 536 2 187 3 29
MCg20 1/24/2013 Noon 536 3 483 5 73
MCa20 1/24/2013 Dusk 537 1 163 2 6
MC920 1/24/2013 Dusk 537 2 182 4 27
MC920 /2412013 Dusk 537 3 188 4 60
MC920 1/24/2013 Dusk 538 1 150 2 7
MC920 1/24/2013 Dusk 538 2 171 3 39
MC920 1/24/2013 Dusk 538 3 165 3] a1
MC920 1/24/2013 Dusk 539 1 172 1 6
MC920 1/24/2013 Dusk 539 2 171 3 35
MCS820 1/24/2013 Dusk 539 3 173 3 52
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Table F-1. Hydrographic data summaries.

AC25 7 1 1 2011 135.38
AC25 7 2 1 2011 252.19
AC25 7 3 1 2011 153.61
AC25 8 1 1 2011 24563
AC25 8 2 1 2011 144.31
AC25 B 3 1 2011 40.44
AC25 9 1 1 2011 259.28
AC25 9 2 1 2011 145,63
AC25 9 3 1 201 40.34
(GBE68 10 1 1 2011 266.42
GB668 0 2 1 2011 145.84
GB668 10 3 1 2011 37.93
GB668 1 1 1 2011 251.03
(B668 11 2 1 2011 153.94
GB668 11 3 1 2011 45.73
GBees 12 1 1 2011 262.55
GB&68 12 2 1 2011 156.2
GBE68 12 3 1 2011 44.21

MC920 1 1 1 2011 248.23
MCg20 1 2 1 2011 14177
MC820 1 3 1 2011 32.04
MCg20 2 1 1 2011 258

MCco20 2 2 ) 2011 159.25
MC920 2 3 1 2011 39.53
MC920 3 1 1 2011 257.56
MC920 3 2 1 201 49

MC920 3 3 1 2011 36.21

ViKga9 4 1 1 2011 261.87
VK989 4 2 1 2011 151.69
VKB8Y 4 3 1 2011 42.5

VK988 5 1 1 2011 248
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Table F-1. {Continued).

et ime of. :f - Volume, .. [ | Pressure | Temperature.
Sk et R Day-: “Filtered (m>) - (m) HERE ) Eie
2 1 2011 Noon 316 157.24 16.21
3 1 2011 Noon 250 46,99 19.52
1 1 2011 Dusk 314 249.66 12.62
2 1 2011 Dusk 248 156.32 16,22
3 1 2011 Dusk 300 47.4 18.61
1 3 20141 Dawn 284 110.58 5.98
2 3 2011 Dawn 230 251.72 9.89
3 3 2011 Dawn 304 148.34 13.72
1 3 2011 Noon 443 243.39 9.87
2 3 2011 Noon 468 165.9 13.18
3 3 2011 Noon 383 39,34 19.79
1 3 2011 Dusk 558 247,32 9.83
4 3 2011 Dussk 517 156,85 13.34
3 3 2011 Dusk 415 46.05 19,91
1 2 2011 Dawn 273 247.2 13.51
2 2 2011 Dawn 262 151.42 17.41
3 2 2011 Dawn 232 44.31 20.3
1 2 2011 Noon 247 246.92 13.67
2 2 2011 Noon 255 153.46 17.33
3 2 2011 Nooa 184 43.43 20.36
1 2 2011 Dusk 177 254.08 13.31
2 2 2011 Dusk 156 144.43 17.66
3 2 2011 Dusk 242 39.1 20.4
1 2 2011 Noon 239 249.21 13.73
2 2 2014 Noon 255 153.08 17.45
3 2 2011 Noon 241 41.71 20.2
1 2 2011 Dusk 356 252.07 13.43
2 2 2011 Dusk 294 165.01 17.26
3 2 2011 Dusk 279 49,06 9.9
1 2 2011 Dawn 234 247.29 12.98
2 2 2011 Dawn 300 154.9 6,47
3 2 2011 Dawn 244 46.58 19.36
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Table F-1. (Continued).

7 Volume

PR & 2 ‘Fittered (m%)

VKesg 21 1 2 291 1.79
VKo89 21 2 2 278 1.91
VK989 21 3 2 277 3.23
VK89 23 1 2 308 1.74
VK9BY 23 2 2 298 2.02
VK984 23 3 2 270 3.27
AC25 32 1 3 280 2.49
AC25 32 2 3 348 2.58
AC25 3z 3 3 456 4.24
AC25 35 1 3 524 2.48
AC25 35 2 3 448 258
AC25 35 3 3 388 4.28
ACZ5 84 1 5 161 257
AC25 84 2 5 400 3.46
AC25 84 3 5 64 4.98
GBesa 26 1 2 289 1.88
GB668 26 2 2 274 1.94
(Bess8 26 3 2 263 3.19
GBess 28 1 2 283 1.66
GBe&68 28 2 2 255 1.95
(5B668 28 3 2 248 3.22
GRE68 a0 1 2 204 1.64
GB668 30 2 2 224 1.9
GB668 30 3 2 224 3.16
MC920 14 1 2 207 1.84
MC920 14 2 2 258 24
MC920 14 3 2 212 3.29
MC920 16 1 2 259 1.89
MC920 16 2 2 278 242
MC920 16 3 2 255 3.2
MC920 18 1 2 471 1.9
MC820 18 2 2 329 2.15
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Table F-1. {Continued).

TVolime.

- OxXygen ; Temperature

TOW Month Filleed (m3 ]+ '(..I'.I‘Ih'l.)..: Sopgy

18 3 2 318 3.2 20.01

20 1 2 289 1.78 12.92

20 2 2 277 2.01 16.44

20 3 2 396 3.28 19.39

22 1 2 317 178 12.56

22 2 2 326 1.94 16.34

22 3 2 302 3.26 19.4

24 1 2 325 179 12,93

24 2 2 310 2.01 16.31

24 3 2 268 3.25 19.59 {
33 1 3 405 2.49 9.83

33 2 3 468 2.49 11.05 £
33 3 3 454 2.57 13.29 _
36 1 3 430 248 10.09
36 2 3 399 2.57 13.52

36 3 3 440 414 19.8

85 1 5 193 2.57 11.24 ¢
85 2 5 167 27 14.81
85 3 5 293 4,83 22.41

39 1 3 264 253 10.53

39 2 3 328 2.64 13.82

39 3 ) 271 4.24 19.44

41 1 3 333 2.54 10.02

41 2 3 288 264 13.83

41 3 3 257 422 19.45

75 1 5 142 265 14.08

75 2 5 119 3.33 18.53

75 3 5 227 501 23.53
45 1 3 58 3.02 14.5

45 2 3 52 373 18.12
46 3 3 101 4.98 21,68 _
48 1 3 345 3.03 14.43
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Table F-1. {Continued).

Net:: WMonth : Fn:g:?dn;?n*) it
2 3 317 372
3 3 328 48
1 3 101 3.03
2 3 o7 369
3 3 82 4.52
1 3 106 2,83
2 3 114 3.41
3 3 128 5.07
k| 4 80 2.81
2 4 716 3.28
3 4 95 464
1 4 194 281
> 1 154 3.23
3 4 112 464
1 5 292 255
2 5 300 2,865
3 5 747 247
1 5 94 2.6
2 5 130 2.72
3 5 205 4,63
1 5 177 256
2 3 172 268
3 5 287 473
1 3 202 2.5
5 3 305 265
3 3 227 4.35
1 5 121 2.65
2 5 84 3.45
3 5 143 501
1 5 127 265
2 3 166 274
3 5 266 3.38
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Table F-1. (Confinued).

Nat i v 5] volume o ;| Temperature.

bR P ion 1 “Filtered {(m" 3 : LEECG) :

1 3 2011 Dawn 142 3.03 249.18 35.83 14.49
MC920 47 2 3 2011 Dawn 93 3.79 142.91 36.26 18.13
MCg20 47 3 3 201 Dawn 95 5.02 42,16 36.36 21.88
MC920 49 1 3 2011 Noon 344 3.01 245.41 35,82 14.37
MCa20 49 2 3 2011 Noon 304 3.67 150.13 36.3 17.88
MC920 49 3 3 201 Noon 234 4.86 47.52 36.37 21.64
MGC920 51 1 3 2011 Dusk 138 3.02 251.29 35.82 14.42
MCa20 51 2 3 2011 Dusk 144 3.35 150.85 36.36 18.09
MC920 51 3 3 2011 Dusk 287 4.52 40.58 36.38 23.19
VK889 45 1 3 2011 Dusk B8 2.91 245.28 35,72 13.8
VKg89 45 2 3 2011 Dusk 38 3.65 150.25 36.16 17.32
VKS89 45 3 3 2011 Dusk 2.1 5.05 46,34 36.04 20.43
VKSB9 60 1 4 2011 Dawn 138 2.82 248,86 3549 12.34
VKog9 60 2 4 2011 Dawn 135 3.21 152.37 36,08 16.19
VKa89 60 3 4 201 Dawn 193 4.81 44.65 35.78 21,5
VKg89 63 1 4 2011 Noon 317 2.83 250.49 35.48 12.25
VK889 63 2 4 2011 Noon 250 3.2 155,61 36.02 15.87
VKg8o 63 3 4 2011 Noon 219 4.72 45.92 35.98 21.54
AC25 79 1 5 2011 Dawn 612 2.58 255.05 35.3 10.89
AC25 79 2 5 2011 Dawn 346 2.67 157.21 35.78 14.23
AC25 79 3 5 2011 Dawn 308 4.6 50.77 35.66 21.55
AC25 82 1 5 2011 Noon T4 2.59 251,28 36.33 11.23
AC2Z5 82 2 5 2011 Noan 124 2.72 148.54 35,87 14.89
AC25 B2 3 ] 2011 Noon 200 4.62 47.2 36.06 22,01
AC25 115 1 6 20141 Dusk 183 4.93 250.07 35.5 12,32
AC25 115 2 B 2011 Dusk 208 5.23 146.91 36.06 16.34
AC25 116 3 6 2011 Dusk 281 6.15 47.4% 36.1 24.35
GBE66S 69 1 5 2041 Dawn 521 2.1 230.74 35.89 14.9
GB668 69 2 5 2011 Dawn 250 3.62 141.86 36.29 18.72
GB668 73 1 5 2011 Noon 116 2.66 248,99 35,75 14.02
GBG668 73 2 5 2011 Noon 148 3.65 141.65 38.27 18.64
GBa6a 73 3 5 201% Noon 257 4.96 37.66 34.91 23.73
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Table F-1. (Continued).

Static v Net ] Month - ; Day #n}i‘i”é"(?.ﬁ CIE‘??S" 1 my Tem?%r?me
GB6Bs 77 1 5 201 Dusk 135 265 14.11
GB66s 77 2 5 2011 Dusk 219 3.5 18.8
Gpaess 77 3 5 2011 Dusk 314 5.01 23.58
MC920 52 1 4 2011 Dawn 82 292 12.29
MC920 52 2 4 2011 Dawn 77 2.94 13.32
MC920 57 1 4 2011 Dusk 406 2,98 13.71
MCo20 57 2 4 2011 Dusk 347 3.41 16.11
MC820 57 3 4 2011 Dusk 281 4.39 21.09
VK283 &1 1 4 2011 Dawn 213 281 12.19
VKo§9 &1 2 4 2011 Dawn 199 32 16.22
VK289 &1 3 4 2011 Dawn 293 4.79 21.46
VK98 64 1 4 2011 Naoga 165 2.82 12.15
VK989 64 2 4 2011 Noon 169 3.22 16.07
VKess 64 3 4 2011 Noon 242 4.76 21.74
VK389 65 1 4 2011 Dusk 285 2.82 12.25
VKE89 65 2 4 2011 Dusk 249 3.19 16.01
VKo89 85 3 4 2011 Dusk 163 4.73 21.44
AG25 80 1 5 2011 Dawn 268 2.59 1112
AG25 80 2 5 2011 Dawn 177 268 14.33
AG25 80 3 5 2011 Dawn 105 453 217
AG25 83 1 5 2011 Naon 87 258 11.15
AC25 B3 2 5 201 Noan 150 2.72 14.82
AC25 83 3 5 2011 Noon 235 459 21.87
AC25 116 1 [ 2011t Dusk 175 4,89 12,35
AC28 116 2 6 2011% Dusk 232 4,52 16,74
ALC25 16 3 1 2011 Dusk 202 8.16 24.85
GB668 70 1 5 2011 Dawn 130 267 14.01
GB668 7¢ 2 5 2011 Dawn 113 3.41 18.25
GB668 70 3 5 2011 Dawn 125 4,97 23.35
GB&es 74 1 § 2011 MNoon 143 2.66 13.97
GBR&68 74 2 5 2011 Noon 162 3.61 18.51
GBges 74 3 5 2011 Noon 255 5.03 23.68
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Table F-1. {Continued),

e ] o [ T |
GBB68 1 6 Naen 116 512 14.23
GBB6a 2 ) 2011 Noan 81 5.92 18.59 _
GR668 3 6 2011 Noon 115 5.8 25.58 :
GBE68 1 6 2011 Dusk 147 512 14.26

GBE6ES 2 6 2011 Dusk 115 59 186

GBBEB 127 3 6 2011 Dusk 101 6.99 25,01 ;
MCs20 53 1 4 2011 Dawn 17 2.95 13.45 ’
MC920 53 2 4 2011 Dawn 15 346 15.84

MC920 53 3 4 2011 Dawn 155 458 22.29

MCa20 55 1 4 2011 Noon 269 2.99 13.6

MC920 55 2 4 201t Noan 242 3.43 16.25 )
MC320 55 3 4 2011 Naon 158 451 21.82 :
VK989 66 1 4 2011 Dusk 241 282 12.41

VKogg 68 2 4 2011 Dusk 231 3.22 16.16

VK589 66 3 4 2011 Dusk 171 4.71 21.42 ;
VK989 67 1 5 2011 Dawn 124 2.81 11.6 )
VK989 87 2 5 2011 Dawn 110 3.17 15.42

VK289 87 3 5 2011 Dawn 60 456 21.88

VK989 95 1 5 2011 Noon 226 526 11.88 !
VK989 85 2 5 2011 Noon 311 52 156

VK989 95 3 5 2011 Noon 280 6.23 22

AC25 109 1 6 2011 Dawn 210 4.99 12.23
AC25 109 2 8 2011 Dawn 281 4.52 16.04
AC25 109 3 6 2011 Dawn 220 505 24.31
AC25 112 1 8 2011 Naon 387 4.88 12.42 "
AC25 112 2 6 2011 Noon 225 4.44 16.13

AC25 112 3 8 201t Moon 137 58 24.49

AC25 117 1 8 2011 Dusk 166 4482 12.38 {
AC25 17 2 6 2011 Dusk 189 4.49 16.5 .
AC25 17 3 6 2011 Dusk 188 6.05 24.13
GB&EA 71 1 5 2011 Dawn 56 2.66 13.97 ;
GB668 71 2 5 2011 Dawn 65 3.49 18.37 '
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Tahle F-1. (Continued).

71 3 5 47 5 23.49
GBE68 125 1 6 115 5.11 14.39
GB66s 125 2 B 112 5.99 8.62
GBG&68 125 3 B 114 6.82 2517
(B668 128 1 5 179 5.13 14.19
(B668 128 2 5 155 5.85 18.52
(B668 128 3 6 110 7.04 25.12
MC920 88 1 5 148 5.09 13.95
MC920 88 2 5 98 5.03 18.01
MC920 88 3 5 101 6.34 23.07
MC920 90 1 5 223 4.92 14.12
MC920 90 2 5 189 5.03 17.92
MC920 90 3 5 156 6,59 23.12
MC920 92 1 5 283 4.96 1417
MCo20 92 2 5 220 4.95 17.88
MC920 92 3 5 156 6.47 23.1
VKa89 68 1 5 59 2.81 11.54
VK889 68 2 5 104 3.12 15.07
VK988 88 3 5 125 4.58 22.01
VK989 96 i 5 338 5.23 121
VKG89 96 2 5 331 513 15.01
VK989 96 3 5 244 6,03 22.19
VK989 105 1 5 160 5.25 12.98
VK988 106 2 5 264 5.14 16,53
VK989 105 3 5 334 6 22,63
AC25 113 1 6 326 4.96 12.36
AC25 113 2 6 289 4.49 16
AC25 113 3 6 165 5.84 24.21
AC25 120 1 & 387 5.38 1218
AC25 120 2 6 330 5.23 16.31
AC26 120 3 6 192 7.18 24.12
AC25 151 1 7 148 5.17 14.66
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Table F-1. (Continued).

Ne of ] “Volume Pressurg y | Temperature
i wi Fitered (m7) | ia(m) S e & ) e
AC25 151 2 161 578 147.68 19.32
AC25 151 3 7 192 7,16 44.49 25.6
GRE6S 121 1 6 2011 Dawn 158 5.18 24728 14.54
GEEBEB 121 2 6 2011 Dawn 137 5.95 146.35 18.51
GB6E8 121 3 B 2011 Dawn 106 7.08 43.2 25,22
GB66E 126 1 6 2011 Noon 127 5.12 253.4 14.26
GB66E 126 2 5 2611 Noon 17 5.98 144.47 18.66
GBE68 126 3 6 2011 Naon 112 6.89 45.47 25.22
GBe6s 129 § 6 2011 Dusk 118 5.12 251.01 14.19
GB668 129 2 6 2011 Dusk 104 5.94 146.75 8.8
GB668 129 3 6 2011 Dusk 121 7.15 48.78 24.87
MC8206 88 1 5 2011 Dawn 128 4.98 249.86 14.15
MC920 89 2 5 2011 Dawn 90 4.85 153.05 17.75
MCa20 89 3 5 2011 Dawn 26 6.33 46.17 22,95
MC920 91 1 5 2011 Noon 235 5.1 24817 14.06
MC920 91 2 5 2011 Noon 190 5.1 146.84 17.78
MC920 91 3 5 2011 Noon 185 6.58 44.37 23.07
MCS20 93 1 5 2011 Dusk 238 5.04 249.85 14.14
MCS20 93 2 5 2011 Dusk 258 4.9 150.99 17.77
MC920 93 3 5 2011 Dusk 156 8.39 50.87 22.73
VK989 94 1 5 2011 Dawn 98 5,26 248,91 12,52
VK989 94 2 5 2011 Dawn 169 5.2 151,08 16.03
VK989 94 3 5 201t Dawn 224 5.99 46.71 22,25
VK989 a7 1 5 2011 Noon 100 5.35 250,41 12.06
VK989 97 2 5 2011 Noon 140 5.13 149.76 15.49
VIK98¢ a7 3 5 2011 Noon 128 5.93 44.39 22.36
VK989 106 1 5 2011 Dusk 232 5,28 255,53 12,89
VK989 106 2 5 2011 Dusk 212 5.15 149.52 16.37
VK989 106 3 5 2011 Dusk 361 6.06 45.18 22,99
AC25 111 1 6 2011 Dawn 264 4.83 246.75 12.39
AC25 1% 2 B 2011 Dawn 197 4.46 153.3 16.18
AC25 111 3 § 2011 Dawn 109 5.84 47.93 24.37
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AC25 114 1 [ 352 4.91 249.32
AG25 114 2 6 238 4.49 150.18
AC25 14 3 5} 199 5.98 47.14
AC26 152 1 7 139 517 251.45
AC25 162 2 7 171 5.78 149.3
AG25 152 3 7 197 7.18 46.38
(3B568 122 1 6 138 5.19 252.82
GB668 122 2 8 97 6.1 143.22
GB668 122 3 8 169 7.03 42,05
GBESE 130 1 6 121 6.16 250,68
GB668 130 2 6 108 568 145.32
G8668 130 3 6 85 7.19 4567
GB668 132 1 6 108 5.15 251.53
GB&6s 132 2 2] 124 578 145,87
GB&68 132 3 6 419 7.2 46,36
MCo20 100 1 5 479 5.53 265.81
MC820 100 2 5 332 5.32 154.84
MC820 100 3 5 526 543 46,11
MCo20 104 1 5 342 5.62 251,37
MCoz20 101 2 5 284 5.26 157.81
MC920 101 3 5 290 5.4 49.8

MC920 102 1 5 483 5.51 253.28
MC920 102 2 5 339 5.38 155.02
MC920 102 3 5 319 5.5 47 66
VK98g 103 1 5 86 5.21 256.18
VK989 103 2 5 141 5.04 150.29
VK989 103 3 5 267 6.09 4442
VK989 104 1 5 318 5.19 252,58
VK989 104 2 5 245 4.98 155.93
VK989 104 3 5 184 6.03 48.17
VK989 107 1 5 171 5.1 254.96
VK389 107 2 5 184 5 147.09
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Table F-1. {Continued).

i Molume:!

‘Oxygen..

Suwtion | Tow et ] Month Filtered (m®) | (n . S(a;m; . F%r?i"re
VK89 107 3 5 Dusk 174 36,15 22.73
AC25 118 1 § Dawn 241 4.86 35,49 12.24
ALC25 118 2 ] Dawn 166 4,45 36 15.92
AC25 118 3 G Dawn 67 5.6 36.26 24.31
AC25 119 1 3] Noon 376 4.89 35.49 2.2
AC25 119 2 3] HNoon 294 4.55 36.05 16,23
AC25 119 3 5] MNoon 246 5.88 36.31 237
AC25 163 1 7 Dusk 142 5. 16 35.85 14.69
AC25 153 2 7 Dusk 177 5.87 36.37 19.43
ALC25 153 3 7 Dusk 180 7.18 3597 25.57
(GB&68 123 1 6 Dawn 113 5.1 3578 14,27
GB66B 123 2 6 Dawn Q8 5,99 36.28 18.65
GB668 123 3 6 Déawn 101 6,93 35.98 24.97
GREsH 134 1 B Noon 131 5.16 35.75 14.08
5B668 131 2 & Noon 118 5.64 36.31 18.88
B668 131 3 6 Noon 105 7.2 36.51 24.8
{B668 133 1 6 Dusk 125 5.15 3575 14.02
GB668 133 2 6 Dusk 133 577 36.32 19.01
(GB668 133 3 3] Dusk 123 7.23 36.19 24.85
MCg20 134 1 -] Dawn 105 582 35,36 11.48
MC920 134 2 6 Dawn 82 5.51 35.97 15,61
MCo20 134 3 6 Dawn 100 6,74 35.78 23.69
MG920 135 1 8 Noon 93 5.83 35.38 11.66
MCo20 135 2 6 Noon 130 5.53 35,95 15.4
MC820 135 3 5 Neon 114 6.51 35,87 2423
MCg20 138 1 6 Dusk 119 5.8 35.41 11.81
MG920 136 2 6 Dusk 127 5.54 35.96 15.39
MG920 136 3 g Dusk 135 6.31 38.26 2343
VK989 137 1 6 Dawn 147 5.74 35.48 12,29
VK989 137 2 ] Dawn 102 578 36.06 15.97
VKSD9 137 3 6 Dawn 06 6.44 36.1 22.7
VK989 139 1 7 Naon 134 5.78 35.54 127
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. {Continued).

] Volume:

Staion” | Te et Month | Year: | Fitered (m%) |- cosute | Say . | Temeeralure
VK989 2 7 2011 161 535 149.06 36.05 16
VK989 3 7 2011 138 8,81 47.96 35.83 23.07
VK989 1 7 2011 167 5.84 258.3 35.5 12,43
VK989 2 7 2011 131 5.36 148.55 36.07 16.25
VK988 3 7 2011 43 6.78 46.62 35,94 23.59
AC25 1 7 2011 191 5.15 248.23 35,87 14.83
AC25 2 7 201 205 5.79 160 38,37 19.38
AC25 3 7 2011 142 7.16 47,47 3597 2521
AC25 1 7 2011 14 5.18 25164 | 3587 1485
AC25 2 7 2011 200 596 149,16 36.3¢ 19.63
AC25 3 7 201 186 7.22 48.77 36.11 25.17
AC25 1 7 2041 148 5.24 252.23 3571 13.79
AG25 2 7 2011 136 6 149.09 36.35 16.96
AC25 3 7 2011 Dusk 18¢ 6.93 4547 36.13 25,99
GB6ess 1 7 2011 Dawn 182 5.33 249.29 358 13
(GB668 2 7 2011 Dawn 176 5.18 150.9 36.07 16.47
{3B668 3 7 2011 PDawn 128 6.98 47.05 35.78 24,96
GB668 1 7 2011 Noon 180 5.32 248,85 35.61 13.1
GB668 2 7 2011 Noon 159 5.22 146,84 36.11 16.82
GBe68 3 7 2011 Naon 208 7.12 46.25 35.59 2516
GB668 1 7 2011 Dusk 144 5.28 249.89 35.63 13.17
GB&68 148 2 7 2011 Dusk 170 5,23 149.11 36.09 16.67
GBG68 148 3 7 2011 Dusk 167 6.97 47.95 35.67 25,12
MC920 143 1 7 2011 Dawn 257 5.55 249.78 358 14.28
MC920 143 2 7 2011 Dawn 229 56 154.11 36.25 17.76
MC820 143 3 7 2011 Dawn 150 7.08 50.9 35,87 24.88
MC520 144 1 7 2011 Noan 190 592 262,15 36.75 13.97
MCa2¢ 144 2 7 2011 Naon 194 5.89 162.18 36.29 17.89
MC820 14 3 7 2011 Noon 219 7.08 4773 36.08 2555
MC920 145 1 7 2011 Dusk 17 5.88 248.35 35.79 1427
MC920 145 2 7 2011 Dusk 225 6,05 149.37 36.27 18.14
MC920 145 3 7 2011 Dusk 204 6.95 43.75 36.11 26,68
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TR

138 1 7 137 240.43 35.52 12.55

138 2 7 137 148.13 36.05 16.04

138 3 7 128 44.48 35.43 23.63

140 1 7 144 248.11 35.55 12.71

140 2 7 163 148.75 36.06 18.11

140 3 7 145 47.96 35.51 23,12 ;

142 1 7 142 250,64 3555 12.74

142 2 7 149 148,57 36.08 16.26

142 3 7 151 46.62 3572 23.65

154 1 7 216 248.4 35.73 13.88

154 2 7 224 163.17 36.35 18.77

154 3 7 169 4922 36.48 2555

156 1 7 137 249,14 35.74 14

156 2 7 171 149.3 36.35 18.88

156 3 7 191 4398 36.4 26.04 ;
AC25 158 1 7 145 252,08 35.71 13.8 '
AC25 158 2 7 161 146.21 36.34 19.05
AC25 158 3 7 173 44.96 36.02 26.12
GB668 172 1 8 149 251.16 36.76 14.1
GR668 172 2 8 166 150.14 38,3t 18.95 _ :
GREES 172 3 8 148 41.07 38,52 27.33
GBG63 174 1 8 122 250,32 35.75 14.06 .
GB668 174 2 8 170 148.11 36.32 19.07
GB66B 74 3 8 187 48,22 36.40 26.84 ;
GB668 176 1 8 147 250.41 35.78 14.27 +
GB648 176 2 8 169 147.97 36.35 19.22
GB658 176 3 8 207 4191 36.51 27.14
MC920 166 1 8 165 251.11 36.58 12.95
MCa20 166 2 3 152 149.69 6,16 16.78
MCg20 166 3 8 138 38.28 36.28 26.66 ;
MC920 168 1 5 129 247 .45 35.54 12.73 ,
MC920 168 2 & 141 142.89 36.15 16.75 :
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Statio Tow i - Mon! ‘e 1 :_-F“\éc;gdn}(?h y | mgsn | P Tem(pecr?!ure
MC920 168 3 B 2011 Noon 171 6.44 42.4 36.26 2612
MC920 170 1 8 2011 Dusk 163 5.89 246.92 35.57 12.86
MC920 170 2 8 2011 Dusk 168 5.67 146,94 36.17 16.87
MC920 170G 3 8 2011 Dusk 196 6.41 43.3 35.687 26.14
VKe89 160 1 7 2011 Dawn 157 581 252.19 35.62 13.19
VKE89 160 2 7 2011 Dawn 147 5,66 153.83 36.15 16.75
VK889 160 3 7 2011 Dawn 153 6.39 45.85 34.85 25.8
VK989 162 1 7 2011 Noon 154 5.8t 250.4 35.62 13.21
VK989 162 2 7 2011 Noon 159 5.67 147.29 36.18 16.92
VK989 1682 3 7 2011 Noon 176 6.36 4535 352 25.51
VK989 164 1 7 2011 Dusk 174 5.85 250.96 3562 13.2
VK989 164 2 7 2011 Dusk 174 576 148.69 36,19 17.07
VK89 164 2 7 2011 Dusk 170 6.45 4273 35.11 25.89
AC25 178 1 8 2011 Dawn 194 533 248.3 35.687 13.45
AC25 178 2 B 2011 Dawn 198 561 153.03 35.23 17.79
AGC25 178 3 8 201 Dawn 155 6.93 43.66 36.43 245.88
AC25 179 1 8 2011 Noon 139 5.32 247.14 35.69 13.64
AC25 179 2 8 20114 Noon 161 5.62 149.39 36.28 18.22
AC25 179 3 8 2011 Noon 176 6.85 45.8 36.46 26.57
AC25 180 1 8 2019 Dusk 142 5.39 243.58 35.73 13.92
AC25 180 2 8 2011 Dusk 156 5.59 160.17 36.26 18.08
AC25 180 3 8 2011 Dusk 168 6.79 46.75 36.44 26,71
GB6E8B 173 1 8 2011 Dawn 175 5.15 248,59 35.78 14.24
GB668 173 2 8 2011 Dawn 169 5.75 1523 36.31 18.87
GB668 173 3 8 2011 Dawn 189 6.87 48.37 36.51 26.79
GR&68 175 1 8 2011 Noon 139 5,15 247.82 35.77 14.21
GB&68 175 2 8 201 Neon 80 5.78 150.17 36,32 18.99
GB&68 175 3 8 201 Noon 202 6.97 45.52 36.5 26.77
GB&6B 177 1 8 2011 Dusk 171 517 24717 35.81 14.49
Gpess 177 2 8 2011 Dusk 166 6.01 143.77 36.37 19.44
GRa6s 177 3 8 2011 Dusk 206 6.88 43.95 36,39 27.04
MCazo 167 1 8 2011 Dawn 217 588 251.41 35,57 12.88
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B = Valum = Safinity
- Net: B '"Filza"'r':étﬂmz) *(p';?i)y
MC920 2 8 2011 Dawn 211 35.14 16.65
MC920 167 3 8 2011 Dawn 143 36.3 26.26
MC520 169 1 8 2011 Noan 1268 3552 12.61
MC320 169 2 8 2011 Noan 168 36.12 16.56
MCY20 169 3 8 2011 Noon 170 35.97 26.29
MC920 171 1 8 2011 Dusk 155 35.56 12.82
MC920 171 2 8 2011 Dusk 219 36.16 16.78
MC920 171 3 8 2011 Dusk 222 3583 26,22
VK989 161 1 7 2011 Dawn 186 35.64 13,31
VK989 161 2 7 2011 Dawn 151 36.16 16,81
VK289 161 3 7 2011 Dawn 125 35.32 26.11
VKg89 163 1 7 2011 Noon 139 3564 13.32
VK389 163 2 7 2011 Noon 150 36.18 16.93
VK989 183 3 7 2011 Naon 155 35,01 25.77
VK989 165 1 7 2011 Dusk 196 35,62 13.2
VK983 165 2 7 2011 Dusk 195 36.19 17.1
VK989 165 3 7 2011 Dusk 171 35.36 25,89
AC25 182 1 8 2011 Noon 188 35.88 4.9
AC25 182 2 8 2011 Noon 174 38,35 19,12
AC25 182 3 8 2011 Noon 190 36.5 26.81
AC25 183 1 8 2011 Dusk 159 35.85 14.69
AC25 183 2 B 2011 Dusk 167 36.35 19,33
AC25 183 3 8 2011 Dusk 149 36.32 27.2
GBE6S 184 1 8 2011 Dawn 156 35.71 13.81
GBESa 184 2 8 2011 Dawn 204 36.27 18.5
GBB68 184 3 8 2011 Dawn 146 36.38 27.38
GRE68 185 1 8 2011 Noon 178 35.76 14.05
GRE68 185 2 8 2011 Noon 118 36.27 18.58
(B66E 185 3 8 2014 Noon 139 36.05 27.03
GBE68 188 1 8 2011 Dusk 205 35,71 13.72
GBE6S 186 2 8 2011 Dusk 203 38,29 18.67
GBE6S 186 3 8 2011 Dusk 194 36.36 274
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{Continued).

35,59

el M_ n_t_ﬁ
1 8 2011 Dawn 134 5.74 48.05

MC820 187 2 8 2011 Bawn 173 5.71 161.48 36.15 16.65
MC920 187 3 8 2011 Dawn 174 6.11 46.06 35.58 25.41
MC920 188 1 8 2011 Noon 175 576 256,13 35.56 12.81
MC9a20 188 2 3 2011 Noan 203 571 163.84 36.08 16.17
MC920 188 3 8 2011 Naon 1056 6.04 46.72 35.01 2513
MC920 189 1 8 201 Dusk 242 572 246.16 356 13.05
MCo20 189 2 8 2011 Dusk 237 571 158.59 36.12 16,46
MCs20 489 3 8 2011 Dusk 157 6.04 44,18 344 25861
VK989 190 % 8 2011 Dawn 138 5.87 245,63 3559 13.05
VK989 180 2 8 2011 Dawn 116 5.55 150.02 38,11 16.49
VK989 190 3 8 2011 Dawn 134 5.97 83.61 36.28 19.57
VK989 191 1 8 2011 Noon 248 5.9 244.33 35.62 13.17
VK989 191 2 8 2011 Noon 251 572 165,47 36.1 16.32
VK989 181 3 8 2011 Noan 174 6.23 45.47 34.98 25.07
VK989 192 1 g 2011 Busk 160 5.9 252.24 3564 13.31
VK389 192 2 8 2011 Dusk 161 5.63 147.88 36.14 16.61
VK989 192 3 8 2011 Dusk 168 8.34 47.81 35.75 24,82
VKo8¢g 493 1 8 2011 Dawn 41 5.8 251.14 35.51 12.55
VK989 193 2 8 2011 Dawn 103 5.55 136.3 38,16 16.92
VK988 193 3 8 2011 Dawn 150 6.23 35.94 34.35 25.79
AC25 213 1 g 2011 Dawn 184 52 249.25 35.95 15.36
AC25 213 2 9 2011 Dawn 181 6.26 160.37 36.41 19.89
AC25 213 3 9 2011 Dawn 110 6.76 45.3 36.57 27.64
AC25 215 1 9 2011t Noan 129 5.31 252.26 35.96 15.46
AC25 215 2 9 201t Naon 109 6.33 145.97 36.42 20.25
AC25 215 3 9 2011 Nocn 118 6.61 41.46 36.03 28.12
AC25 258 1 1 2012 Dusk 138 5.39 246.45 3561 13.11
AC25 258 2 1 2012 Dusk 147 5.24 147.9 36.15 16.92
AC25 258 3 1 2012 Dusk 115 7.34 4943 36.56 22.01
GB&68 207 1 9 2011 Dawn 233 5.43 24912 35.89 15

GBE&68 207 2 2] 2011 Dawn 220 6.07 152.38 36.36 19.47
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Tow. | N Month | Year | iy | e | Sy | Tomperature,
207 3 9 145 6.86 36.25 27.18
209 1 ] 2011 179 5.37 35.87 14.85
209 2 9 2011 145 6.01 36,35 19.43
209 3 9 2011 118 6.89 36.48 27.16
211 1 9 2011 244 5.41 35.89 14.89
211 2 9 20141 202 6.01 36.35 19.36
211 3 g 2011 131 6.92 36.26 27.19
197 1 g 2011 136 5.81 35.66 13.47
197 2 8 2011 108 576 36.25 17,69
197 3 ] 201 88 6.04 34.58 27.16
198 1 ] 2011 163 5.81 35.88 13.55
198 2 8 2011 172 5.73 36,24 17.51
198 3 8 2011 162 6.27 35.41 26.08
199 1 8 2011 157 5.8 35.72 13.85
199 2 8 2041 157 5.66 36.26 17.65
199 3 B 2011 164 5.18 35.65 26,06
VK989 194 1 8 2011 152 §.89 35.53 12,82
VK989 194 2 & 201 136 5.58 36.12 18.53
VK989 194 3 8 2011 158 6,19 3A5.03 24.98
VK989 195 1 ] 2011 140 5.92 35,63 12.61
VKgag 195 2 8 2011 138 5.684 38.09 16.35
VKo8g 195 3 8 2011 168 6.28 35.62 24.33
VK989 196 1 a8 2011 164 6.04 35.33 11.17
VK989 196 2 8 2011 141 5.93 35.62 12.53
VK889 198 3 8 20114 147 5.61 36.09 16.37
AC25 214 1 9 2011 146 5.23 35.93 15.25
AL25 214 2 9 2011 110 6.41 3643 20.49
AC25 214 3 9 2011 113 6,88 36.58 27.87
AC25 216 1 9 2011 £95 5.35 36 15.67
AC25 216 2 9 2011 164 6.35 36.43 20,19
AC25 216 3 9 2011 133 5.64 36.8 27.76
AC25 259 1 1 2012 123 5.41 356 13.07
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Net o] o Volume 4 Oxygen . - | Temperature,
; : A FFiltered (m7) ] S(mL) e T ) R

AC25 259 2 1 2612 Dusk 110 5.23 17.05
AC25 259 3 1 2012 Dusk 123 7.34 22.01
GB668 208 1 9 2011 Dawn 192 5.43 14.92
GB668 208 2 9 2011 Dawn 146 6.09 19.81
GBe68 208 3 G 2011 Pawn 34 6.87 26,97
GRe68 210 1 9 2011 Noon 187 54 14,64
GResa 2190 2 g 2011 Noon 174 6.01 19.42
(GBB68 210 3 9 2011 Noon 113 6.94 27.02
GB668 212 1 9 2011 Dusk 258 5.41 14.84
GB668 212 2 8 2011 Disk 211 6.08 19.47
GB66Ss 212 3 9 2011 Dusk 130 6.9 272
MC920 204 1 9 2011 Dawn 185 5.57 13.93
MC920 204 2 9 2011 Dawn 117 5.8 17.95
MC920 204 3 a 2011 Dawn 104 6.47 2577
MC9z20 205 1 g 201 Noon 142 579 14,15
M{920 205 2 9 2011 Noon 146 597 17.94
M(C920 205 3 9 2011 Noon 1o 8.42 25.71
MCo20 206 1 9 2011 Dusk 134 579 14.1

MCB20 206 2 9 2011 Dusk 124 6.19 18.32
MC920 206 3 9 201t Dusk 126 6.35 25.49
VK989 201 1 9 2011 Dawn 540 5.87 12.11
VK989 201 2 9 201t Dawn 239 559 16.16
VK989 201 3 9 201t Dawn 146 6.45 24.36
VK989 202 1 g 201 Noon 520 585 12.01
VK289 202 2 2] 2011 Noan 232 564 16.19
VK989 202 3 9 201% Noon 168 8,26 23.67
VK989 203 % ] 201% Dusk 19¢ 5.85 11.82
VK989 203 2 8 2011 Dusk 178 572 15.7

ViKgs9 203 3 9 2011 Dusk 138 8.27 23,76
AC25 252 1 1 2012 Dawn 165 5.22 13.02
AC25 252 2 1 2012 Dawn 106 523 17.09
AC25 252 3 1 2012 Dawn 126 7.19 21.95
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S L : siviVolume i ~Temperature’
Tow | Net nth ] e | Fittered (m%) g
255 1 1 2012 Noon 125 13.03
255 2 1 2012 Neea 118 16.99
255 3 1 2012 Noon 132 22.08
260 1 1 2012 Dusk 145 13.02
260 2 1 2012 Dusk 120 17.09
260 3 1 2012 Dusk 129 22.05
261 1 1 2012 Dawn 183 13.37
261 2 1 2012 Dawn 158 17.56
261 3 1 2012 Dawn 141 21.98
264 1 1 2012 Noon 168 13.47
264 2 1 2012 Noon 168 17.33
264 3 1 2042 MNoon 121 21.99
257 1 1 202 Dusk 136 13.1
287 2 1 2012 Dusk 148 17.31
287 3 1 2012 Dusk 121 21.94
217 1 10 2011 Dawn 204 13.92
217 2 10 2011 Dawn 169 17.21
217 3 10 2011 Dawn 134 24.75
220 i 10 201 Nooa 164 13.6
2290 2 10 2011 Noon 129 17.24
220 3 10 2011 Noon 130 246
223 1 10 2011 Dusk 150 13.689
223 2 10 2011 Dusk 324 17.01
223 3 10 2011 Dusk 156 25.07
226 1 10 2011 Dawn 112 11.97
226 2 10 2011 Dawn 76 16.25
VKo89 226 3 10 2011 Dawn 100 24.29
VK989 229 1 10 2011 Noon 178 11.87
VK949 229 2 10 2011 Naoon 123 16.23
VK989 229 3 10 201¢ Noon 126 25
VK989 232 1 10 2011 Dusk 138 11.74
VK989 232 2 10 2011 Dusk 109 16.58
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Table F-1. (Continued).

i o Meolume 2 Temperaiure
Rt ot B oot [
VK989 232 3 10 201 Dusk 137 24.93
AC25 253 1 1 2012 Dawn 128 13.08
AC25 253 2 1 2012 Dawn 148 16.6
AC25 253 3 i 2012 Dawn 133 21.95
AC2E 256 1 1 2012 Noon 153 12.9%
AC25 256 2 1 2012 Noon 146 1714
AC25 256 3 1 2042 Noon 120 22.09
AC25 297 1 3 2012 Dusk 127 13.26
AC25 297 2 3 2012 Dusk 89 17.8
AC25 297 3 3 2012 Daisk 99 21.45
GRE63 262 1 1 2012 Dawn 166 13.56
(GB668 262 2 1 2012 Dawn 1861 17.54
(GB668 262 3 1 2012 Dawn 113 21.97
GBess 265 1 1 2012 Noan 189 13.38
GB666 265 2 1 2012 Noon 175 17.31
GB&68 265 3 1 2012 Noon 135 21.97
GBG68 288 1 k 2012 Dusk 147 13.13
GB&68 268 2 1 2012 Dusk t44 17.52
GB668 268 3 1 2012 Dusk 134 21.95
MCS20 218 1 10 2041 Dawn 156 Xk
MC920 218 2 10 2011 Dawn 133 17.41%
MC920 218 3 10 2011 Dawn 111 24,94
MCa20 221 1 10 2011 Noon 133 13.58
MC920 221 2 0 2011 Noon 13% 17.23
MCa20 221 3 10 2011 Noon 142 24.64
MC920 224 1 10 2011 Dusk 148 13.65
MC920 224 2 10 2011 Dusk 138 16.93
MC920 224 3 10 2011 Dusk 144 25.11
VK989 227 1 10 2011 Dawn 119 11.98
VK989 227 2 10 2011 Dawn 120 16.15
VK889 227 3 10 201t Dawn 94 24.42
VKo89 230 1 10 201t Noon 163 11.88
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Table F-1. (Continued).

g Net | Mokt il Day Fuite?:audn}if’)"*' Pre(sr‘:)‘j i Cy.
230 2 10 2011 Noon 126 148.88 16.12
230 3 10 2011 Noon 113 46.01 24.71
233 1 10 2011 Dusk 148 253.7 11.81
233 2 10 2011 Dusk 133 146.82 16.19
233 3 10 2011 Dusk 168 49.38 24,92
254 1 1 2012 Dawn 134 248,62 13.06
254 2 1 2012 Dawn 131 148,43 16.98
254 3 1 2012 Dawn 150 5067 22.03
257 1 1 2012 MNoon 143 248.29 13
257 2 1 2012 Noon 156 152.73 16.8
257 3 1 2012 Noon 125 a7 22.1
298 1 3 2012 Dusk 433 250.91 13.29
298 2 3 2012 Dusk 95 145.84 17.79
298 3 3 2012 Dusk 108 47.78 2142
B66E 263 1 1 2012 Dawn 191 249,15 13.46
GBE68 263 2 1 2012 Dawn 139 149.81 17.48
GBBES 263 3 1 2012 Dawn 178 49.25 21.97
(B668 266 1 1 2012 Noan 192 251.08 13.44
GB668 266 2 1 2012 MNoon 172 151.67 17.34
GB668 266 3 1 2012 Noon 146 48.13 2196
GB6E8 269 1 1 2012 Dusk 142 248.85 13.38
GB&6s 269 2 1 2012 Dusk 161 160.29 17.39
GBes8 269 3 1 2012 Dusk 135 45,58 21.93
MC920 219 1 10 2011 Dawn 171 2478 13.85
MC320 219 2 10 2011 Dawn 139 144.73 17.34
MC920 219 3 10 2011 Dawn 102 36.72 25.47
MCo20 222 1 10 2011 Noon 163 251.72 13.55
MCS20 222 2 10 2011 Noon 166 147.02 17.09
MC320 222 3 10 2011 Noan 138 46.99 24,64
MCa20 225 1 10 2011 Dusk 150 252.03 13.74
MCO20 225 2 10 2011 Dusk 135 144.31 17.11
MCoz0 225 3 10 2011 Dusk 145 44,41 251
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Tabie F-1. (Continued}.

Month . Tlgfym : -Fii:ggjdn:](ﬁig) : S?s:lpntt)t C)
1 10 Dawn 128 35.44 12.03
VK989 228 2 10 Dawn 118 36,05 16.33
VK389 228 3 30 Dawn 1 35.46 24,49
VK989 231 1 10 Noon 134 3547 12.19
VKo8g 231 2 10 Noon 100 36.09 16.56
VK989 231 3 10 Noon 102 34.97 24.93
VK989 234 1 10 Dusk 162 3542 11.88
VvKas9 234 2 10 Dusk 167 36.05 16,25
VK989 234 3 10 Dusk 133 35.24 25.24
AC25 291 1 3 Dawn 73 35.61 13.1
AC25 291 2 3 Dawn 322 3g.21 17.54
AC25 291 3 3 Dawn 109 36.37 21.43
AC25 294 1 3 Noon 180 35.69 13.58
AC25 284 2 3 Neon 140 36.23 17.78
AC25 204 3 3 Noon 123 36.37 21.4
AC25 298 1 3 Dusk 124 3562 13.13
AC25 299 2 3 Dusk 98 36.25 18
AC25 299 3 3 Dusk 104 36.35 21.43
GB668 313 1 3 Dawn 189 3565 13.36
GB668 313 2 3 Dawn 166 36.19 17.16
GBE668 33 3 3 Dawn 142 36.41 22.4
GB668 337 1 5 Noen 218 35.74 13.92
GBess 337 2 5 Noory 221 36.27 17.94
Gpess 337 3 5 Noon 171 36.29 23.38
GB66B 340 1 5 Dusk 181 35.71 13.72
GB&E68 340 2 5 Dusk 188 36.25 17.75
GB668 340 3 5 Dusk 148 36.29 23.43
MC920 247 1 12 Dawna 264 3568 43.53
MCe20 247 2 12 Dawn 309 36.28 17.69
MCa20 247 3 12 Pawn 281 36.41 23.42
MC920 249 1 12 MNoon 227 35,68 13.64
MC920¢ 249 2 12 MNoon 263 36.25 17.63
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Table F-1.- {Continued).

staton. et orth |+ Ye | ey | e Tomperelu

MCoz0 3 12 2011 Noon 282 6.94 23.16

MC920 251 1 12 2011 Busk 280 5.64 13,54

MC920 251 2 12 2011 Dusk 262 5.54 17.5

MC920 251 3 12 2011 Dusk 287 6.93 23.3

VK989 235 1 12 2011 Dawn 115 5.58 13.8

VK989 235 2 12 2011 Dawn 105 533 17.52

VK989 235 3 12 2011 Dawn 115 .65 22,74

VK989 238 1 12 2011 Noaon 132 582 14.06 {
VK989 238 2 12 201t Noon 17 5.69 17.74 )
VK989 238 E) 12 2011 Noon 126 6.74 2277 ¢
VK989 241 1 12 2011 Dusk 105 5.63 14,13 ]
VK889 241 2 12 2011 Dusk 107 579 17.69
VK989 241 3 12 2011 Dusk 122 6.81 22.85 .
AC25 293 1 3 2012 Dawn 156 529 13.37 :
AC25 283 2 3 2012 Dawn 134 5.23 17.77

AC25 203 3 3 2012 Dawn 110 7.82 21.41

AC25 295 1 3 2012 Noon 124 5.24 13.59
AC25 295 2 3 2012 Noon 114 5.18 17.88 '
AC25 205 3 3 2012 Noon 124 7.62 21.46
AC?25 371 1 6 2012 Dusk 197 528 14,09

ACZ5 371 2 6 2012 Busk 209 5.45 18,33

AC25 371 3 6 2012 Dusk 168 6.55 23.94 ,
GB668 334 1 5 2012 Dawn 244 4.96 13.83
GB668 334 2 5 2012 Dawn 192 5,01 18.17 ;
GB6SB 334 a 5 2012 Dawn 163 6.83 23.41 L
GBE8s 338 1 5 2012 Noon 230 4,98 13.85
GB668 238 2 5 2012 Nean 213 4.99 17.84 ‘
GBE68 338 3 5 2012 Noon 156 6.89 23,42
GRE68 341 1 5 2012 Dusk 174 4,96 13.75

GB6SB 341 2 5 2012 Dusk 154 493 18.01 ¢
GB&6S 341 3 5 2012 Dusk 144 6.85 235 .
MC920 248 1 12 2011 Dawn 251 568 13.78 !
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Table F-1. (Continued}.

e ¢} Temperature
MC920 248 2 12 17.77
MC920 248 3 12 2248
MC320 250 1 12 13.61
MC920 250 2 12 17.64
MCe20 250 3 12 2342
MCo20 288 1 2 13.54
MC920 288 2 2 17.29
MCo20 288 3 2 21.76
VK989 236 1 t2 13.87
VK989 236 2 12 17.78
VK989 236 3 12 22.88
VKoss 239 1 12 14.07
VK989 239 2 12 17.74
VK989 239 3 12 2277
VK989 242 1 12 14.07
VKa8o 242 2 12 17.87
VK889 242 3 12 228
AC25 296 ] 3 13.45
AC25 296 2 3 17.9
AG25 296 3 3 2141
AC25 311 1 3 13.52
AC25 311 2 3 17.77
AGC25 311 3 3 2169
AC25 312 1 6 14.13
AC25 372 2 6 18.31
AC25 372 3 6 23.84
GBe68 335 1 5 14,02
GB668 335 2 5 17.88
GBEE8 335 3 5 23.23
GB668 339 1 5 13.93
GB668 339 2 5 17.97
GB668 339 3 5 23.3
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Table F-1. {Continued).

0 Molime
: ] ‘Fittered (m) :
1 165
2 5 159
3 5 2012 Dusk 150
1 2 2012 Noon 204
2 2 2012 Noan 175
3 2 2012 Noon 133
1 2 2012 Dusk 170
2 )4 2012 Dusk 102
3 2 2012 Dusk 95
1 3 2012 Dawn 245
2 3 2012 Dawn 181
3 3 2012 Dawn 175
VK989 237 1 12 2011 Dawn 124
VK989 237 2 12 2011 Dawn 123
VK989 237 3 12 201 Dawn 117
VK989 240 1 12 201% Nocn 118
VK989 240 2 12 2011 Naon 108
VK989 240 3 12 2011 Noon 117
Vkoaso 243 1 12 2011 Dusk 108
VK988 243 2 12 2011 Dusk 89
VK989 243 3 12 2011 Dusk 110
AC25 312 1 3 2012 Noon 258
AC25 312 2 3 202 Noon 195
AGC25 3i2 3 3 2012 Noon 146
AC25 373 1 g 2012 Dusk 173
AC25 373 2 6 2012 Dazsk 191
AC25 373 3 6 2012 Dusk 180
AC25 374 1 6 2012 Dawn 212
AC25 374 2 ] 2012 Dawn 151
AC25 374 3 8 2012 Dawn 160
GBs68 338 1 5 2012 Dawn 212
GB668 336 2 5 2012 Dawn 219
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Table F-1. {Continued).

e o me of il o Voluthe D Oxygen -1 % Salinity ©- |- Temperalure |
s : . iDay o Filkered () S (ML Soppt) ey
GB568 336 3 5 2042 Dawn 141 6.84 36.28 23.48
GB&6a 362 1 6 2012 Noon 181 5.45 3567 13.47
GB&6s 362 2 6 2012 Naon 109 5.5 36.27 18.3
GB668 362 3 6 2012 Naoon 165 713 35,75 24.43
(GB663 365 1 6 2012 Dusk 210 5,47 35.62 13.15
GBs68 365 2 6 2012 Dusk 131 5.35 36.24 17.96
(GB663 365 3 6 2012 Dusk 159 7.18 35.77 24.53
MCo20 286 1 2 2012 Noon 174 5.69 35.65 3.4
MC820 286 2 2 2012 Noon 177 5.58 36.25 17.48
MCo20 286 3 2 2012 Noon 141 7.31 36.35 21.84
MC920 290 1 1 2012 Dusk 188 5.7 35.63 13.26
MCa20 250 2 1 2012 Dusk 148 5.55 36.22 17.26
MC920 280 3 1 2012 Dusk 131 7.38 36.35 21.92
MC920 306 1 3 2012 Dawn 229 6.72 35,8 14,28
MC820 306 2 3 2012 Dawn 223 5.61 36.33 18.31
MC920 306 3 3 2042 Dawn 172 7.32 36.25 22.69
VK989 244 1 12 2011 Dawn 208 5.83 35.65 13.38
VKe89 244 2 12 201 Dawn 240 5.46 36.18 16.95
VKO89 244 3 12 2011 Dawn 305 6.89 36.29 21.91
VK989 245 1 12 2011 Noon 304 5.64 35.68 13.49
VK989 245 2 12 2011 Noon 376 5.57 36.18 16.8
VK989 245 3 12 2011 Noon 387 6.84 36.29 21.72
VK989 246 1 12 2011 Dusk 235 5.66 35,66 13.38
VKB89 246 2 12 2011 Dusk 261 5.54 36.17 18.77
VK989 246 3 12 2011 Dusk 279 6,82 36.3 21.87
AC25 368 1 3] 2012 Noon 173 5.36 35.74 13.95
AC25 358 2 8 2012 Noon 157 5.49 36.29 18.29
AC25 368 3 B 2012 Noon §31 §.57 35.75 24,35
AC25 375 1 2] 2012 Dawn 195 5.32 3579 14.28
AC25 375 2 6 2012 Dawn 186 5.94 36.35 19.39
ACZ5 376 3 6 2012 Dawn 159 7.14 36.49 26.17
AC25 377 1 3] 2012 Dusk 207 5.31 35.82 14.48
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Table F-1. {Continued).

Nat. Volume ~Pressy

Sahadils itered (m®) -] S (m)
2 8 2012 174 151.36

3 8 2012 129 43,94
1 -] 20142 177 251,11
2 6 2012 128 143.32

(3B668 359 3 6 2012 128 39.3
(3B668 363 1 6 2012 168 252.9
(B668 363 2 6 2012 1i2 142.61
GB668 363 3 6 2012 162 47.41%
GBE&68 366 1 ] 2012 158 254.45
GBG6S 366 2 6 2012 150 146.37
(GB&6R 366 3 [ 2012 208 46.44
MCS20 287 1 1 2012 161 250,82
MC820 287 2 1 2012 165 148.24
MC920 287 3 1 2012 111 45.99
MC920 307 1 3 2012 271 253.58
MC920 307 2 3 2012 229 165.56
MC920 307 3 3 2012 187 47.79
MC920 329 1 4 2012 175 255.65
MC920 329 2 4 2012 135 146.45
M{920 329 3 4 2012 131 47.01
vKagg 272 1 1 2012 224 245,47
VK989 272 2 1 2012 234 162.59
VK989 272 3 1 2012 229 49.72
VK989 275 1 1 2012 220 254,73
VK989 275 2 1 2012 147 143,02
VK289 275 3 1 2012 155 49.82
AL2E 369 [ 33 2012 179 260.72
AC25 369 2 B 2012 186 146.02
AC25 369 3 ] 2012 184 46,91
AC25 378 1 6 2012 271 251.17
AC25 378 2 6 2012 233 151.37
AC25 378 3 6 2012 150 89.9
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Table F-1. (Continued).

Aol ! : : am : Filtered (ma)__ Similly ] e eyt
AC25 382 1 7 2012 227 5.34 249,49 35.75 13.99
AC25 382 2 7 2012 174 5.58 146.11 36.36 19.54
AC25 382 3 7 2012 224 6.76 51.56 36.13 26.27
GB668 360 1 6 2012 161 5.46 252.1 35.66 13.44
(3B668 360 2 6 2012 134 542 145.63 36.24 17.93
(8668 360 3 8 2012 109 7.08 44.96 35,52 24.71
GB668 364 1 6 2012 189 5.45 254.62 35.65 13.38
GB668 364 2 6 2012 226 5.38 148.78 36.25 17.84
GB668 364 3 6 2012 275 7.14 5001 35.85 24.3
GBE68 367 1 6 2012 164 5.47 254.71 35.6 13.05
GB66S 367 2 6 2012 156 5.43 144,88 36.26 18.14
GB&68 367 3 6 2012 21 7.22 48.24 35.76 24.38
MC920 308 1 3 2012 188 565 254.33 35.76 14.05
MC820 308 2 3 2012 210 5.64 151.72 36.3 18.19
MC920 308 3 E] 2012 166 7.5 55.55 36.26 21.98
MCa20 321 1 4 2012 240 6.0t 255.54 36.09 16.08
MCo20 321 2 4 2012 188 6.28 146.77 36.45 20.3
MCa20 321 3 4 2012 196 7.5 50.1 36.25 23.04
MC920 330 1 4 2012 172 5.52 253.28 36.25 16.92
MC920 330 2 4 2012 169 5.63 152.06 36.5 203
MC920 330 3 4 2012 150 6.68 50,28 36.27 22.85
VKe89 271 1 1 2012 241 5.56 256.23 35.79 14,26
VKaag 271 2 1 2012 168 5.5 145.22 36.32 18.81
VK98BY 27 3 1 2012 143 7.47 45.51 38.3 21.84
VK89 273 i 7 2012 219 5.54 247.61 3578 14.18
vKasg 273 2 1 2012 227 5.51 151.02 36.2¢ 18.08
VKese 273 3 1 2012 195 7.5 47.4 36.3 21.83
VKoss 276 1 1 2012 205 5.56 249.86 35.77 14.12
VKg89 276 2 1 2012 192 5.42 148.38 36.29 17.93
VK989 276 3 1 2012 178 7.49 47.37 36.3 21.84
AC25 370 1 6 2012 168 5.29 253.36 35.75 13,98
AC25 370 2 6 2012 155 5.5 144.91 3.3 18.42
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Table F-1. {Continued).
R Pt e T T Oxgen " Salinly” [ Temperatire
ST s Bohireny st S L) Sol{ni e Ry
370 3 6 6.62 46.62 35.84 24.24
AC25 379 1 6 5.28 245.99 35.83 14.62
AC25 379 2 6 6.1 144.35 36.35 19.79
AC25 379 3 6 8.97 45,33 36,49 26.87
AG25 383 1 7 5.35 254.29 35.72 13,81
AG25 383 2 7 5.34 153.53 36.31 18,79
AC25 383 3 7 6.61 52.66 35.92 26,02
(8658 361 1 6 5.46 251.05 35.66 13.43
GB663 361 2 6 5.42 148.74 36.24 17.93
GB668 351 3 6 7.07 45.03 35.58 24.65
GB668 393 1 7 5.88 254.79 35.54 12.72
(GB668 393 2 7 5.38 147.33 36.14 16.98
GBE68 393 3 7 6.89 47.16 36.2 25.18
GB568 396 1 7 5,84 249,06 35,59 13.02
GB&B3 396 2 7 5.43 149.19 36.17 17.19
(3BE68 396 3 7 7.05 50.51 36.25 24.95
MC920 309 1 3 5.52 248.54 35.8 14.3
MC920 309 2 3 562 147.85 36.36 18.61
MC920 309 3 3 7.53 50.34 36.24 22.21
MC920 322 1 4 5.99 257.51 36.08 15.98
MC920 322 2 4 6.21 150.36 36.47 20.14
MC920 322 3 4 7.51 48.63 36.25 23.13
MC920 331 1 4 548 254.67 36,22 18.72
MC920 331 2 4 5.64 149.46 36.5 20.4
MCe20 331 3 4 5.68 47.83 36.26 22.85
VK989 277 1 2 5.56 252.61 35.5 12.4
VK989 277 2 2 5.46 153.3 36.13 16.55
VK989 277 3 2 7.2 48 35.49 20,96
VKg89 279 1 2 5.59 250.58 35.49 12.33
VK989 279 2 2 5,52 148,77 36.15 16.65
VK989 279 3 2 7.27 49.69 36.26 21.26
VK989 281 1 2 5.57 248,69 35,53 12,55
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Table F-1. (Continued).

i By 2 Time of sf i Salinity

N Net . fz Month Day o ('pp'i)y"i

281 2 2 Dusk 205 547 148.23 36.14
VK989 281 3 2 2012 Dusk 223 T.24 47.36 36.48
AC25 376 1 6 20142 Noon 189 53 251.8 35.83
AC25 376 2 6 2012 Noon 17% 5.78 152.23 36.35
AC25 376 3 6 2012 Noon 183 7.16 54,16 36.48
AC25 387 1 7 2012 Dusk 148 5.36 252,24 35.76
AC25 387 2 7 2012 Dusk 161 56 148,14 36.32
AC25 387 3 7 2012 Dusk 197 6.53 47.8 35.65
AC25 440 1 g8 2012 Dawn 192 5.87 254.15 35.61
AC25 449 2 8 2012 Dawn 196 5.24 157.94 3615
AC25 440 3 8 2012 Dawn 171 5.66 51.88 36.07
GB668 380 1 <] 2012 Dawn 163 5.84 255,18 35.51%
GB668 380 2 6 2012 Dawn 15 5.49 148.05 36.03
GB6es 380 3 i1 2012 Dawn 128 6.98 4919 3599
GRB668 394 1 7 2012 Noon 142 588 253.67 35.54
GB658 394 2 7 2012 Moon 169 537 152,04 36.12
(GB668 394 3 7 2012 Noon 208 6.85 5178 36.26
GBess a97 1 7 2012 Dusk 276 585 249.03 35.59
G868 397 2 7 2042 Dusk 213 548 154.36 36.14
Ghess 397 3 7 2012 Dausk 154 7.01 46.52 36.21
MCS20 310 1 3 2012 Noon 182 56 248.52 35.81
MC820 310 2 3 2012 Naon 183 5.61 146.61 36.36
MC920 310 3 3 2012 Naon 168 7.57 51.56 36.26
MC920 323 1 4 2012 Dawn 207 6.02 254.05 36.11
MC920 323 2 4 2012 Dawn 127 6.22 148.22 36.47
MCa20 323 3 4 2012 Dawn 147 75 45.14 36.25
MCo20 356 1 5 2012 Busk 270 5,22 253.38 35.55
MCo20 356 2 5 2012 Dusk 191 511 150.93 36.08
MC920 56 3 5 2012 Dusk 157 6.51 44.55 36.14
VK98g9 278 1 2 2012 Dawn 157 5.54 247.27 35.53
VK98% 278 2 2 2012 Dawn 148 5.44 142.59 36.2
VK939 278 3 2 2012 Dawn 159 7.28 43.89 36,13
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Table F-1. (Continued).

Tow | et Year. Do | st oy | aen. | Trossue | Salinly
280 b | 2 2012 Moon 191 252.83 35.49
280 2 2 2012 MNoon 158 146.27 36.17
280 3 2 2012 MNoon 150 44.15 35.97
282 1 2 2012 Dusk 211 255.26 35,48
282 2 2 2012 Dusk 157 149.07 36.11
282 3 2 2012 Dusk 169 47 .15 36.47
384 i 7 2012 Neon 158 250.47 35.77
384 2 7 2012 Noaon 173 150.19 36.3
384 3 7 2012 Noon 134 5249 35.79
388 1 7 20%2 Dusk 132 249,34 35.77
388 2 7 2012 Dusk 187 146.1 36.32
388 3 7 2012 Dusk 186 47 44 357
441 1 8 2012 Dawn 221 254.02 3561
441 2 8 2012 Bawn 231 157.43 36,15
441 3 8 2012 Dawn 160 53.92 36.11
390 1 7 2012 Dawn 159 252.99 35.57
390 2 7 2012 Dawn 1656 143.79 35.15
390 3 7 2012 Dawn 19G 44,16 36.19
GB668 395 1 7 2012 Noon 189 2497 35.57
(GBB6S 3895 2 7 202 Noen 222 148.04 36.15
(3B568 385 3 7 2012 Noon 193 4027 3623
GB6868 398 1 7 2012 Dusk 212 253.05 35.58
GB668 398 2 7 2012 Dusk 163 146.91 38,15
GB66B 398 3 7 2012 Dusk 167 45.38 36.21
MCa20 324 1 4 2012 Dawn 167 256.25 36.24
MCoez0 324 2 4 2012 Dawn 146 146.07 36.48
MCS20 324 3 4 2012 Dawn 141 46.19 36.27
MGC320 326 k] 4 2012 Noon 146 253,58 36.27
MCo20 326 2 4 2012 Noon 100 143.69 36.45
MCoz20 326 3 4 2012 Naon 20 46.06 38.26
MC920 357 1 [ 2012 Dusk 279 248.55 3558
MC820 357 2 5 2012 Dusk 220 152.08 36,09
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Table F-t. {Continued).

L Volume X “EPressure ty: | Temperature
AR ek L i Fitered (m®) ] = #{m Simy s I WY B
3 5 2012 Dusk 143 46.81 23.2
1 3 2012 Dawn 139 252.55 13.54
2 3 2012 Dawn 116 142.7 17.91
3 3 2012 Dawn 1583 4477 223
1 3 2012 Noon 136 253.86 13.54
2 3 2012 Noon 103 141.89 17.71
3 3 2012 Noon 141 49 .84 22.07
1 3 2012 Dusk 168 255.01 13.1
2 3 2012 Dusk 97 141.51 17.78
VK9sg 303 3 3 2012 Dusk 140 48.26 2223
AC25 385 1 7 2012 Noon 157 253,93 14.14
AC25 385 2 7 2012 Neon 144 146.15 1412
AC25 385 3 7 2012 Noan 140 50.05 2518
AC25 389 1 7 2012 BPusk 170 2523 14.04
AC25 388 2 T 20%2 Dusk 168 146.86 19.39
AC25 389 3 7 2012 Dusk 198 5213 25,52
AGC25 475 k| 10 2012 Dawn 268 273.63 12,45
AC25 475 2 10 2012 Dawn 170 219.08 14.52
AC25 475 3 10 2012 Dawn 204 147 65 18.18
GBs68 391 1 T 2012 Dawn 252 252,86 12.84
GB&68 391 2 Fi 2012 Dawn 232 155.09 16.74
GB668 391 3 7 2012 Dawn 187 48.2 25
GB&68 411 1 7 2012 Dusk 168 256.07 13.13
GBes8 411 2 7 2012 Dusk 163 148.46 17.68
GBesg 411 3 7 2012 Dusk 200 51.02 2507
GBess 416 1 7 2092 Noon 71 253.25 13.73
(GBGSB 416 2 7 2012 Noon 134 144.48 17.78
GBe6s 416 3 7 2012 Nooa 187 53.14 24.8
MC820 325 i 4 2012 Dawn 187 255.25 16.84
MC820 325 2 4 2012 Dawn 141 146.16 19,95
MCS20 325 3 4 2012 Dawn 128 4578 22.96
MC920 327 1 4 2012 Noon 196 256.43 17
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Table F-1. {Continued).

o Pressul Temperalure’
Stat ‘Net g Shit i
MC920 327 2 138 147.18 20.12
MC920 327 3 4 145 46.39 23.04
MC920 358 1 5 2012 Dusk 190 251.22 12.89
MC920 358 2 5 2012 Dusk 170 150.41 16,36
MCo20 354 3 5 2012 Dusk 175 48,26 23.04
VKg89 302 1 3 2012 Noan 142 251,58 13.57
VK889 302 2 3 2012 Noan 108 143.66 17.65
VK989 302 3 3 2012 Noon 133 45.98 22,16
VK989 304 1 3 2012 Busk 141 251.13 13.27
VK989 304 2 3 2012 Dusk 122 143.2 17.78
VK989 304 3 3 2012 Dusk 138 47.67 2232
VK989 314 1 4 2012 Dawn 190 248.93 13.72
VK989 314 2 4 2012 Dawn 213 147.69 18.06
VK989 314 3 4 2012 Dawn 273 102.7 20.85
AC25 445 1 8 2012 Dusk 144 250.73 13.07
AC25 445 2 8 2012 Duesk 131 146.06 17.39
AC25 445 3 8 2012 Dusk 147 46.12 26.22
AC25 476 1 10 2012 Dawn 181 250.72 13.27
AC2S 476 2 10 2012 Dawn 159 146.85 18.26
AC25 478 3 10 2012 Dawn 212 53.12 28.03
GB668 392 1 7 2012 Dawn 214 254.73 12.75
B668 392 2 7 2012 Dawn 204 146.54 174
GB668 392 3 7 2012 Dawn 209 45.9 24.95
GB668 412 1 7 2012 Dusk 165 2581 13.29
GBG68 412 2 7 2012 Dusk 187 146,48 17.69
GRE6S 412 3 7 2012 Dusk 163 50.78 25.19
(GB66 417 1 7 2012 Naon 174 258.78 13.58
GB668 417 2 7 2012 Naon 131 150.57 17.46
GB668 417 3 7 2012 Noon 187 50.41 25.23
MC920 328 1 4 2012 Noan 180 252.5 17.08
MC920 328 2 4 2012 Noon 142 145.37 20.22
MC920 328 3 4 2012 Nooh 133 48,32 23.03
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Table F-1.

(Continued).

i Molume

+:Oxygen =

:: Station: W “iNet nth . ‘Filtered (3| @y
MC920 350 1 5 2012 Dawn 222 517
MC920 350 2 5 2012 Dawn 268 505
MC920 350 3 5 2012 Dawn 215 6.38
MC920 404 1 7 2012 Dusk 158 59
MCg20 404 2 T 2042 Pusk 448 5,51
MCaz0 404 3 T 2042 Busk 180 6.58
VKe89 315 1 4 2012 Dawn 261 5.68
ViKa89 315 2 4 2012 Dawn 239 5.59
VKS89 315 3 4 2012 Dawn 214 T.27
VK989 37 1 4 2012 MNoon 198 5.69
VK989 2317 2 4 2012 Naon 197 564
VK989 317 3 4 2012 Noon 204 7.29
VK989 319 1 4 2012 Dusk 234 5.69
VIKe89 319 2 4 2012 Dusk 199 5.59
VK989 318 3 4 2012 Dusk 164 7.3
AC25 442 1 8 2012 Noon 177 5.59
ACz5h 442 2 8 2012 Noon 182 5.27
AC25 442 3 8 2012 Naon 156 6.73
AC25 446 i] 8 2012 Dusk 181 586
AC25 446 2 8 2012 Dusk 183 527
AC25 446 3 8 2012 Dusk 162 6,68
AC25 477 1 10 2012 Dawn 148 541
AC25 477 2 10 202 Dawn 158 524
AC25 477 3 10 2012 Dawn 183 6.4
(GBE6S 413 1 7 2042 Dawn 221 57t
GB6468 413 2 T 2042 Dawn 223 5.3%
GBegs 413 3 7 20612 Dawn 208 6.5
GBess 418 1 7 2012 MNaon 183 568
GB668 418 2 7 2012 Naon 126 5.32
GB868 418 3 T 2012 Noon 160 6.82
GB&68 419 1 7 2012 Dusk 184 578
GR668 419 2 7 2012 Dusk 167 539
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Table F-1. (Continued).

s i B

GBeas 419 3 Busk 189 47.61 35.94 25.22

MCS20 351 1 5 2012 Dawn 252 519 251.02 35.57 12.81

MCo20 351 2 5 2012 Dawn 218 5.04 152.33 36.1 16.32

MCcazo 351 3 5 2012 Dawn 155 6.31 4913 36.08 22.69

MC920 353 1 5 2012 Noon 215 521 250.66 35.56 12,79

MCo20 353 2 5 2012 Noon 157 511 145.23 36.18 17

MCo20 353 3 5 2012 Neoon 142 6.51 47.08 36.1 22.96

MC920 405 1 7 2012 Dusk 159 5.85 254 .46 35.84 14.69

MC920 405 2 7 2012 Dusk 122 5.48 141.78 36.4 19.72

MC920 405 3 7 2012 Dusk 148 6.6 45.62 36.26 27.34

VK989 316 1 4 2012 Dawn 171 5.66 248 35.72 13.81

VKag9 316 2 4 2012 Dawn 186 5.54 145.55 36.3 18.06

VKa89 316 3 4 2012 Dawn 195 7.23 49.25 36.31 229

VK989 318 1 4 2012 Nocn 242 5.69 251.8 35.64 3.28

VK889 318 2 4 2012 Noon 177 5.65 147.25 36.28 17.85 ;
VKSB9 318 3 4 2012 Noon 199 7.3 47.18 36.29 23.11 :
VK989 320 1 4 2012 Dusk 200 5.69 252.81 87 13.64 ¢
VK989 320 2 4 2012 Dusk 176 5.68 149,56 36,26 17.79 ‘
VK989 320 3 4 2012 Dusk 132 7.34 4428 36.28 23.39

AC25 443 1 8 2012 Nooan 149 5.57 250.39 36.62 13.14

AC25 443 2 8 2012 Noon 163 531 146.52 36.22 17.56

AC25 443 3 8 2012 Naon 102 6.82 80.81 36.44 22.16 ‘
AC25 447 1 a 2012 Dusk 131 56 253.98 35.6 13.02
AC25 447 2 8 2012 Dusk 138 5.28 147.2 36.22 17.37

AC25 447 3 8 2012 Dusk 158 8.71 50.01 36.06 25.88

AC25 503 1 11 2012 Dawn 144 5,25 2508 3573 13.86 {
AC25 503 2 11 2012 Dawn 144 5.05 147,11 36.3 8.2 ’
AC25 503 3 11 2042 Dawn 169 6.44 49,42 36.45 25.62 {
GBE68 414 1 7 20142 Dawn 207 571 251.22 35.68 13.47 )
GB668 414 2 7 2012 Dawn 223 5.29 155.18 36,22 17.42 {
GB668 414 3 7 2012 Dawn 157 6.46 5143 36.13 25.05 ;
GB668 420 1 7 2012 Dusk 181 5.76 25578 35.67 13.5
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Table F-1. (Continued).

("r'n | : VOEHme o - Temperalure ;
fdeny B e “Day = S Fillered () Rl % R
GBess 420 2 7 Dusk 178 17.82
(GB668 420 3 7 Dusk 205 25.23
GBB68 451 1 9 Nooa 27 13.82
GB668 451 2 g Noocn 132 18.41
GB668 451 3 9 Noon 151 26.98
MC920 352 1 5 Dawn 251 12.75
MC920 352 2 5 Dawn 221 16.28
MC920 354 1 5 Noon 326 12.77
MC920 354 2 5 Noon 259 16.61
MC920 354 3 5 Noon 158 2273
MCe20 406 1 7 Dusk 174 14.98
MC220 406 2 7 Dusk 170 19.78
MCS20 406 3 7 Dusk 149 27.08
VK989 332 1 4 Dawn 129 12.8
VK989 33z 2 4 . Dawn 97 17.92
VK989 332 3 4 Dawn 158 22.62
VK989 333 1 4 Naon 142 12.72
VK989 333 2 4 Noon 97 17.45
VK989 333 3 4 Noon 113 2263
ViKgas 347 1 5 Dusk 248 127
ViKBas 347 2 5 Dusk 254 15.91
VK989 347 3 5 Dusk 290 22.01
AC25 444 1 8 Noon 181 13.18
AC25 444 2 8 Noon 161 17.38
AC25 444 3 8 Noon 162 26.07
AC25 481 1 10 Dusk 173 13.51
AC25 481 2 10 Dusk 172 18.15
AC25 481 3 10 Dusk 173 26.28
AC25 504 1 11 Dawn 150 13.74
AC25 504 2 i1 Dawn 171 18,12
AC25 504 3 11 Dawn 173 2583
GBs68 415 1 7 Dawn 240 13,43
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Table F-1. (Continued).

Sy | Tow |10 Nt | Mot rilered () g | D

GRE6S 415 2 7 170 148.25 36.26 17.81

GR663 415 3 7 2012 Dawn 147 6.56 46.6 36.09 25.68

{3B668 452 1 ] 2012 Noon 161 5.49 2517 35.88 13.52

(B663 452 2 9 2012 Noon 135 5,43 143.14 38,32 18.43

GB668 452 3 9 2012 Naoon 163 6.57 47.93 36.24 26.7

GB668 453 1 9 2082 Dusk 136 5.48 253.71 35.66 13.38

GBS68 453 2 9 2012 Dusk 166 §.39 152.54 36.28 18.02

5B&68 453 3 9 2012 Dusk 163 6.55 49,13 36.27 26.5

MC920 355 1 5 2012 Noan 298 5.23 250,19 35.57 12,8

MCS520 355 2 5 2012 Noon 240 5.1 152.83 36.11 16,46

MC920 355 3 5 2012 Noon 141 6.49 4711 36.11 23.16

MC920 399 1 7 2012 Dawn 145 5,91 249.11 35,86 14.79 {
MC920 399 2 7 2012 Dawn 138 5.7 146.51 35635 19.31 ,
MC920 399 3 7 2012 Dawn 150 6.7 48.61 36.11 26.82
MC820 428 1 7 2012 Dusk 183 577 25577 35.72 13.75

MC920 428 2 7 2012 Dusk 163 5.38 146,98 36.29 18.23

MC920 428 3 7 2012 Dusk 189 5.93 48,49 36.13 25.54

VK989 343 1 5 2012 Dawn 244 5.4 248.57 35.58 12,84

VK9BY 343 2 5 2012 Dawn 236 5.01 150.13 36.12 16,51

VKasg 343 3 5 2012 Dawn 271 5.92 50.96 36.16 22.59

VK989 345 1 5 2012 Noon 268 5.08 253.11 35.55 12.66

VK989 345 2 ] 2012 Noon 282 5.05 1522 36,07 16.12

VK989 345 3 5 2012 Noon 328 5.93 52.3 36.11 22.11

VK989 348 1 5 2012 Dusk 235 5.14 252.23 35.56 12.76

VK389 348 2 5 2012 Dusk 254 5.12 152.32 36.06 15.95

VK989 348 3 5 2012 Dusk 205 5.94 48.74 35.66 22.33

ALRS 478 1 10 2012 Noon 178 5.38 25214 35.67 13.45

AC25 478 2 10 2012 Neon 152 5.29 148.85 36.33 18.23

AC25 478 3 10 2012 Noca 174 6.38 51.03 36.38 26.27

AC25 482 1 10 2012 Dusk 177 5.81 301.5 354 11.64 ¢
AC25 482 2 10 2012 Dusk 187 5,39 253.05 35,68 13.49 P
AC25 482 3 0 2012 Dusk 165 5.29 150.92 36.32 18.23 :




Table F-1. (Continued).

i,

o4

- Stationi - Timeof . T Volume - ] Oxygen: 1 Pressurs [ Temperature |
Rl btaalde S R snDay R EFiltered fmT) Gf S {mill) R G m) G | Eipegy B
AC25 505 1 1 2012 Dawn 159 5,25 252,25 13.75
AGC25 505 2 1 2012 Dawn 184 5,03 148,81 8.13
AC25 505 3 [ 2012 Dawn 171 B.39 49.45 25.58
GB668 448 1 a 2012 Dawn 175 5.57 249.06 12.97
GB668 448 2 8 2012 Dawn 134 5.2 147.38 16,99
GB668 448 3 8 2012 Dawn 186 6.5 49.78 2519
GB668 454 1 9 2012 Dazsk 154 5.51 247.67 13.63
GRE68 454 2 9 2012 Dusk 164 5.34 144,86 18.44
GB668 454 3 9 2012 Dusk 147 6.55 47.99 26.7
GB668 487 1 10 2012 Noon 137 5.48 251.94 12.94
GB6%8 487 2 10 2012 Naon 137 5.27 147.31 16,97
(BBE8 487 3 10 2012 Naon 154 8.23 49.39 24.48
MCo20 400 1 7 2012 Dawn 161 5,93 249,97 14.75
MC820 400 2 7 2012 Dawn 138 5.6 146.53 19.28
MC920 400 3 7 2012 Dawn 157 6.68 53.23 26.57
MC920 401 t 7 2012 Noon 183 5.95 24533 14.86
MC920 401 2 7 2012 Noon 455 5.64 149.74 19.06
MC920 401 3 7 2012 Noon 170 6.57 49.71 26.76
MC820 429 1 7 2012 Dusk 215 5.77 255.03 13.78
MC920 429 2 7 2012 Dusk 196 5.38 149.43 18.08
MC920 428 3 7 2012 Dusk 194 6.9 49.27 255
VK989 344 k 5§ 2012 Dawn 322 5,08 250,92 12.7
VKIB9 344 2 5 2012 Dawn 318 5.01 150.29 16.47
VKO89 344 3 5 2012 Dawn 349 5.98 50.43 22.44
VK989 346 1 5 2012 Noon 227 5.07 248.82 12.76
VK289 246 2 5 2012 Noon 242 5.05 149.2 16.31
VK989 348 3 5 2012 Noon 256 5.91 51.4 2212
VK989 349 1 5 2012 Dusk 207 5.12 252.17 12.81
VK889 348 2 5 2012 Dusk 228 5.12 148.12 16.17
VK989 349 3 5 2012 Dusk 198 6.01 47.83 22 5
AC25 479 1 10 2012 Noon 161 5,37 248,99 13,55
AC25 479 2 10 2012 Noan 157 5.26 148.36 18.24
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Table F-1. (Continued).

Saon | Tow | Nl | weon el T vl ] G T [T
AC25 479 3 10 2012 Naoon 164 6.39 36.37 26.15
AC25 483 1 10 2012 Dusk 168 5.39 35.66 13.4
AC25 483 2 10 2012 Dusk 173 5.31 36.34 18.43
AC25 483 3 10 2012 Dusk 156 6.4 36,38 26.46
AC25 513 1 11 2012 Dawn 166 5.24 35.72 13.75
AC25 513 2 i1 2012 Dawn 152 5.04 36.3 18.16
AG25 513 3 1 2012 Dawn 153 8.41 36.45 25.54
(B668 449 1 B 2012 Dawn 208 5.61 35.59 12,93
B668 449 2 8 2012 Dawn 186 5.29 36.18 17.01
{>B668 449 3 8 2012 Dawn 161 6.65 36.16 25.52
(GB668 455 1 ] 2012 Dusk 139 5.51 35.69 13.59
GB668 455 4 9 2012 Dusk 155 5.36 36.31 18,28
GB668 455 3 9 20142 Dusk 168 6.57 36.27 26.69
GBEGS 488 1 16 2012 Noon 149 5.49 35.59 12.95
GBees 488 2 10 2012 Moon 141 527 36.21 17.08
GB668 488 3 10 2012 MNoon 147 6.2 36.31 24.4
MC920 402 1 7 2012 MNoon 160 6.01 35.84 14.64
MC820 402 2 7 2012 Naon 170 5.48 36,386 19.21
MC820 402 3 7 2012 Naon 159 6.6 36.28 26.95
MCg820 421 1 7 2012 Dawn 135 5.7 35.73 13.89
MG920 421 2 7 2012 Dawn 138 5.34 36.3 18.31
MC920 421 3 7 2012 Dawn 153 6.87 36,14 25.11
MC920 430 1 7 2012 Dusk 245 58 35,71 13.89
M(C920 430 2 7 2012 Dusk 216 5,32 36.29 18.12
MC920 430 3 7 2012 Dusk 199 6.9 36.17 25.06
VK989 407 1 7 2012 Dawn 189 5.66 35.62 13,18
VK989 A07 2 7 2012 Dawn 196 5.66 36.21 17.16
VKO89 407 3 7 2012 Dawn 145 6.25 36.45 21.47
VK389 409 1 7 2012 Noon 156 5,64 35.67 13.61
VK989 409 2 7 2012 Noon 179 5.8 36,22 17.07
VK989 40% 3 7 2012 Noon 171 6.61 36,25 24.96
VK989 438 1 7 2012 Dusk 237 5.48 35.77 14.06
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Table F-1. (Continued).

Ei it of o) Volume - Oxyden Temperature.
Stal o oboFitered (m®) A {mbL) e 20)
VKaag 438 2 187 5458 150.54 36.23 17.18
VKS89 433 3 180 6.56 51.01 356.95 25
AC25 480 1 a7 547 265,59 35.58 12.86
AC25 480 2 174 5.18 212.92 35.93 15.47
AG25 480 3 194 5,27 152.6 36.31 18.06
AG25 509 1 163 5,26 249.38 35.71 13.71
AC25 509 2 146 5,05 147.59 36.3 18.19
AC25 h09 3 162 6.42 48.47 36.45 25.57
AC25 514 1 148 5.23 253.19 3571 13.72
AC25 514 2 141 5.03 148.56 36.3 18.11
AC25 514 3 173 6.43 50.37 368.45 25.41
GB668 484 1 174 547 252.81 35,81 13.05
GB668 484 2 150 528 148.8 38.2 17
GB668 484 3 167 8.25 50,07 36.32 2461
GRBE668 489 1 174 55 254.51 35.57 12.82
GGBB68 489 2 156 523 148.95 36.18 16.93
GBB68 489 3 160 6.27 48.45 36.31 24 58
GB668 4990 1 135 545 251.12 3586 13.02
GB668 480 2 141 5.21 146.71 36.2 17.41%
GR668 490 3 152 6§.32 4935 36.32 24.43
MC920 403 1 163 5.99 249.76 35.86 14.71
MC820 403 2 7 173 5.54 14577 36.38 19.45
MCg20 403 3 7 2012 Ncon 158 6.62 50,19 36.28 26.91
MC920 422 1 7 2012 Dawn 176 5.66 256.42 35.75 14.04
MC920 422 2 7 2012 Dawn 180 5.27 150.97 36.29 18.11
MCa20 422 3 7 2012 Dawn 209 6.77 47.94 36.11 2528
MC920 472 1 g 2012 Dusk 150 5.69 251.24 3578 14.16
MC920 472 2 9 2012 Dusk 154 5.5 148.82 36.36 18.15
MC820 472 3 <] 2012 Dusk 139 6.31 48.88 35.19 25,72
VK989 408 + 7 2012 Dawn 187 5,63 250.03 35,84 13.3
VK989 408 2 7 2012 Dawn 217 567 14912 36,19 17.01
VK989 408 3 7 2012 Dawn 182 B8.59 48.5 36.27 25.15
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Table F-1. (Continued).

S o L Oxygen ks s Salinity. | Temperature
; T : - EmiLy Sipph i ey

VK989 410 1 7 202 Noon 196 5.64 35.69 $3.63

VK989 410 2 7 2012 Noon 220 579 36.23 7.2

VKeago 410 3 7 2012 Naon 191 6.54 36,28 24,86

VKg89 439 1 7 2012 Dusk 269 58 35.74 13.87

VK989 439 2 7 2012 Dusk 147 557 36.23 17.2

VK989 43% 3 T 2012 Dusk 195 5.68 36.02 25.1 /
AC25 506 1 1% 2012 Noon 160 5£.26 357 13.66 :
AC25 506 2 11 2012 Neon 155 5.05 36.3 18.13

AC25 506 3 1 2012 Nocn 171 6.46 36.45 25.54

AC25 510 1 11 2012 Dusk 173 5.27 357 13.66

AC25 510 2 11 2012 Dausk 170 5.05 363 18.44

AC25 510 3 11 2012 Pusk 164 6.44 36.45 25.52

AC25 515 1 11 2012 Dawn 145 5.23 3572 13.8

AC25 515 2 11 2012 Dawn 141 5.18 36.04 15.84

AC25 5156 3 i1 2012 Dawn 174 5.04 36.32 18.33 :
GBe68 486 1 10 2012 Dawn 152 5.45 3563 13.21 ’
GB668 486 2 10 2012 Dawn 129 £.26 36.22 17.16 §
GB668 486 3 10 2012 Dawn 138 6.33 36.31 24,68

GB668 491 1 10 2012 Dusk 141 5.45 35.61 13,08 {
GB668 481 2 10 2012 Dusk 141 5.2 36.21 17.18

(GB668 491 3 10 2012 [hisk 164 6.28 36.31 24,55

MCo20 424 1 7 2042 Dawn 159 5.66 35,76 14

MCo920 424 2 7 2012 Dawn 134 5.33 36.32 18.47

MCoz0 424 3 7 2012 Dawn 161 6.8 356.05 25.83

MCo20 425 1 7 2012 Noon 189 5.71 35.74 13.87

MC820 425 2 7 2012 Noon 231 53 36.29 18.07

MC920 425 3 T 2012 Noon 252 6.89 36.2 24.44

MC920 473 il ] 2012 Pusk 141 57 3577 14.09 f
MC920 473 2 ] 2012 Dusk 152 5.5 36.38 18.25

MC920 473 3 2 2012 Dusk 138 6.34 36.19 25.51 :
VK989 434 1 7 2012 Noon 198 541 38,75 13.92

VK989 434 2 7 2012 Noon 203 5.54 36.15 16.64




Table F-1. (Continued).

P4

Slai volume ... 1 - Oxygen. Temperalure.
ot ; : S5 Day ‘Filtered (M=} | (il ¢ L SRy
VK989 434 3 7 2012 Naon 203 6.5 49.34 25.43
VK989 463 1 j¢] 2012 Dusk 167 5.65 248,25 14.73
VK989 463 2 g 2012 Dusk 193 5.49 150.49 18.03
VK989 463 3 g 2012 Dusk 163 6.4 50.09 25.06
AC25 507 1 11 2012 Noon 144 5.43 2993 12.22
AL25 507 2 11 2012 Noon 131 65.25 248.31 13.78
AC25 507 3 11 2012 Noon 151 5.04 145.15 18,33
AC25 508 1 11 2012 Noan 154 5.26 253.36 13.63
AC25 508 2 11 2012 Noon 148 504 148.06 18.2
AC25 508 3 11 2012 Noon 170 6,46 49.08 2561
AC25 512 1 11 2012 Dusk 151 5.28 250.78 13.74
AC25 512 2 11 2012 Dusk 151 5.06 150,57 18.03
AC25 512 3 11 2012 Dusk 154 638 49.71 25.45
GR&68 492 1 19 2012 Pusk 156 5.48 253.18 12.95
GBG68 492 2 1G 2012 Busk 141 5.19 148.44 171
GB6&68 492 3 16 2012 Busk 160 8.27 50.56 24.36
MC920 426 1 7 2012 Neon 170 572 253.64 13.96
MC920 426 2 7 2012 Noon 181 5,34 146.5 18.35
MC920 426 3 7 2012 Noon 208 6.9 47.33 25.38
MCo20 466 1 ] 2012 Dawn 171 5,69 2495 13.97
MC920 466 2 9 2012 Dawn 154 5.46 146.41 18,32
MC820 466 3 9 2012 Dawn 161 6.25 47.18 25786
MC920 474 i b4 2012 Dusk 163 57 253.87 13.93
MC920 474 2 9 2012 Dusk 151 5.49 150.39 18.03
MC920 474 3 9 2012 Dusk 142 6.3 50.43 2561
VKo8s 432 1 7 2012 Dawn 258 546 25272 14.09
VK988 432 2 7 2012 Dawn 238 5.41 153.23 16.57
VK98g 432 3 7 2012 Dawn 217 6.48 52.41 25.15
VK983 435 1 7 20%2 Noon 275 5.47 298 13.4
VK989 435 2 7 2012 Noon 141 5.41 247,37 14.09
VK989 435 3 7 2012 Noon 173 5.7 184,63 5.5
VK989 436 1 7 2012 Noon 274 541 254.42 13.92




Table F-1. (Continued).

St

e “Valume ;] - Salinlty . | Temperafurs
= : : peET i B Filterad (m7) o]0 (<) VIR IR o o) B
VK389 436 2 7 2012 Moon 164 555 148.16 36.23 17.2
VK989 436 3 7 2012 Noon 190 8,59 47.81 3577 25.45
VK989 464 1 9 2012 Dusk 90 5.61 268,54 36.78 14.1
VK988 464 2 ] 2012 Dusk 196 57 222.02 3598 15.36
VK389 464 3 9 2012 Dusk 167 549 150.58 36.35 18.06
AC25 517 1 11 2012 Noon 172 5.24 250.9 35.7% 13.71
AC25 517 2 11 2012 Noaor 174 5.03 $50.88 36.29 17.98
AC25 517 3 11 2012 Noon 192 6.45 50.69 36.45 25.48
GB&R8 500 k| 10 2012 Dusk 135 5.61 253.73 35.39 11,66
GBBR8 500 2 10 2012 Dusk 132 514 146.38 36.18 17.13
GB6638 500 3 10 2012 Dusk 150 6,32 50.36 36.4 24.05
MCo20¢ 427 1 7 2012 Noon 232 5.75 256,43 35.73 13.85
MC920 427 2 7 2012 Noon 248 53 153.25 36.29 18.02
MC920 427 3 7 2012 Neon 219 6.82 52.42 36,19 24.86
MCoz0 467 1 9 2012 Dawn 180 57 249.72 35,76 14.01
MC920 467 2 9 2012 Dawn 163 5.48 147.19 36.39 18.27
MC920 487 3 9 2012 Dawn 164 6.26 48.08 36.19 2571
MCa20 537 1 12 2012 Dusk 163 56 249.83 36.01 15.55
M{920 537 2 12 2012 Dusk 182 5.84 14%.08 36.36 19.83
MCo20 537 3 12 2012 Dusk 188 7.45 48.72 36.25 21.83
VK989 433 1 7 2012 Dawn 213 5.47 253.67 35.75 13.95
VK989 433 2 7 2012 Dawn 224 5.42 153.79 36.14 16.6
VK389 433 3 7 2012 Dawn 197 6.45 54.84 36.12 24.88
VK989 459 1 9 2012 Noon 166 562 248.47 35.85 14.54
VKI9B9 459 2 9 2012 Noon 183 5.47 148.53 36.36 18.18
VK989 459 3 9 2012 Noon 180 6.49 43.26 36.14 25.19
VKo89 465 1 9 2012 Dusk 202 5.85 249.71 35.86 14.64
VK989 465 2 9 2012 Dusk 170 55 149.79 36.35 18.12
VK989 465 3 9 2012 Dusk 168 8.43 47.92 36.13 253
AC25 518 1 1 2012 Noon 152 5.23 250,82 35,72 13.76
AC2H 518 2 i1 2012 Naon 180 5.04 150,71 36.3 8.1
AC25 518 3 11 2012 Noon 164 6.48 49.7 3844 25.61
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Table F-1. {Confinued).

4. Tow, . :Ne . Year: .Fii?é??ﬁ?iﬁ')'i .T?m?g?}tffe:'

501 i 2012 159 11.57
GB66E 501 2 2012 164 17.01
GB668 501 3 10 2012 189 2415
MCaz6 468 1 9 2012 153 14
MC920 488 2 9 2012 153 18.26
MC920 468 3 9 2012 162 25.82
MC920 469 1 9 2012 98 13.51
MC920 469 2 9 2012 189 14.96
MC920 469 3 3 2012 174 18.02
MC920 538 1 12 2012 150 15.34
MC20 538 2 12 2012 171 19.82
VK989 456 1 B 2012 60 14.04
VK989 456 2 5 2012 192 15.81
VKS83 456 3 9 2012 162 18.38
VKosa 460 1 9 2012 162 14.54
VKogo 280 2 3 2012 159 18.27
VK989 460 3 9 2012 150 263
VK989 527 1 12 2012 127 13.47
VK989 527 2 12 2012 129 17.62
VK889 527 3 12 2012 180 2114
GBe68 502 1 10 2012 17 11.69
GB668 502 2 10 2012 157 17.02
GBses 502 3 10 2012 208 2413
MCS20 470 1 9 2012 165 14.28
MCg20 470 2 9 2012 147 18.07
MC920 470 3 9 2012 164 2558
MC920 531 1 12 2012 173 1561
MC920 531 2 12 2012 161 19.89
MC920 531 3 12 2012 178 217
MC920 539 1 12 2012 172 15.43
MC920 539 2 12 2012 17 20.02
MG920 539 3 12 2012 173 21,83
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Table F-1. (Continued).

B Nei “Volume - 2 - O “Presgire” 10 Salinity - | Temperature
R : : : Filtered (m"} - SEmy i {pph) : ey e
VKoB9 457 1 9 225 254.29 35.83 14.43
VKa89 457 2 9 2012 Dawn 174 147.92 36.37 18.28
VK889 457 3 9 2012 Dawn 174 50 36,14 25.1
VK989 461 1 9 2012 Noon 174 249.9 35,85 14,54
VK989 461 2 9 2012 Noon 124 145.91 36.36 18.27
VK989 461 3 9 2012 Noon 149 49.25 36.13 25,23
VK989 529 1 12 2012 Dusk 159 260.84 35.68 13.5
VKa89 529 2 12 2012 Dusk 163 154.74 36.23 17.43
VKa89 529 3 12 2012 Dusk 192 101.1 36.14 20,09
MCo20 471 1 9 2012 MNoon 151 253.63 35.79 14.2
MCa20 471 2 9 2012 Noon 184 155.36 36.33 17.82
M{920 471 3 g 2012 Noon 72 48.48 36.18 25.78
MC920 532 1 12 2012 Dawn 41 251,84 35.99 16.5
MC920 532 2 12 2012 Dawn 150 146.4 36.35 19.82
MC920 532 3 12 2012 Dawn 163 48.74 356.25 21.71
VKa8g 458 1 g 2012 Dawn 151 289.06 35.66 13.35
VK289 458 2 9 2012 Dawn 215 238.53 35.92 14.98
VK989 458 3 9 2012 Dawn 186 148.23 36.37 18.22
VK989 497 1 Y 2012 Noon 70 250.37 35.85 13.33
VK989 497 2 10 2012 MNoon 151 147 .66 36.24 17.21
VK989 497 3 10 2012 Noon 167 49.82 36.02 25.08
VK989 530 1 12 2012 Dusk 152 258,02 35,69 13.58
VK989 530 2 12 2012 Dusk 175 148.85 38.27 17.67
VK989 530 3 12 2012 Dusk 204 54.3 35.82 21.22
MC920 533 1 12 2012 Dawn 175 251.17 35.89 15.47
MC920 533 2 12 2012 Dawn 159 148.86 36.36 19.69
MC920 533 3 12 2012 Dawn 172 51 36.24 21.7
M(C920 534 1 12 2012 Noon 194 251.58 35.98 15.35
MC920 534 2 12 2012 Noon 182 146.89 36.35 19.68
MC920 534 3 12 2012 Noon 182 49.63 36.25 21.78
VK989 494 1 10 2012 Dawn 71 275.54 358.5 12.37
VK989 494 2 10 2012 Dawn 142 222 .56 35.77 14.11
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el " Volme | Fresau 15 iodinty [emoeratire.
RS serniindd A RIAGN R “Filtered {m?) Forrpy) s ) ROy
VKo89 494 3 10 2012 Dawn 160 5.46 148.21 36.24 17.23
VK889 498 1 10 2012 Noon 198 5.64 251.16 35.65 13.29
VKS89 498 2 0 2012 Noon 198 547 150.23 36.22 17.41
VK989 498 3 10 2012 Noea 179 6.25 50.83 36 25.01
MC9o20 535 1 12 2012 Nocn 155 56 249.98 6 5.5
MCo20 535 2 12 2012 Noon 162 5.88 148.37 36.35 19.68
MC820 535 3 12 2012 Naon 172 7.46 50.48 36.25 24.77
VK989 495 1 10 2012 Dawn 143 5.67 299.1 3543 11.85
VK89 445 2 10 2012 Dawn 176 5863 247.6 35.65 13.32
VK989 495 3 10 2012 Dawn 178 5.48 151.45 36.23 17.09
VK989 489 1 10 2042 Noan 200 5.64 251.64 35.65 13.314
VK989 499 2 10 2012 Noon 194 545 150.29 36.23 17.14
VK989 499 3 10 2012 Noon 187 6.23 52.04 36.02 24.85
MC920 536 1 12 2012 Noon 187 5.61 250.88 36 15.52
MC920 536 2 12 2012 Naon 187 5.82 151.2 36.36 19.56
MC920 536 3 12 2012 Noon 183 7.46 51.44 36.26 21,78
VK989 496 1 10 2012 Dawn 146 5.64 251.18 3564 13,27
VKS89 406 2 10 2012 Dawn 154 5.48 147.79 36,24 17.26
VK989 496 3 10 2012 Dawn 162 6.22 49.43 36 24.96
VK889 522 1 12 2012 Noon 144 5.58 255.08 36.04 15.81
VK889 522 2 12 2012 Noon 116 5.65 196.8 36.37 17.96
VK989 522 3 12 2012 Noen Mg 5.43 143.69 36.41 20.04
VK989 5256 1 12 2012 Naen 152 5.46 250.13 35.68 13.51
VK989 525 2 i2 2012 Naen 137 5.19 152.01 36.27 17.7
VK9B9 525 3 12 2012 Nooa 138 7.25 48.78 35.88 213
VK989 521 1 12 2012 Dawn 159 56 253.33 36.07 16.01
VKo89 521 2 12 2012 Dawn 152 5.41 148.12 36.44 19.89
VK989 521 3 12 2012 Dawn 135 6.86 50.9 35.88 22.38
VK989 523 1 12 2012 Noon 125 5.56 250.89 36.05 15.88
VK989 523 2 12 202 Noon 110 5.42 144.79 36.42 19.98
VK98 523 3 12 2042 Noon 144 6.81 48.44 35.91 22.33
VK989 526 1 12 2012 Noon 41 5.47 260.53 35.64 13.27
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Tow -l Net ..Fi_;z:é?‘l;gg}; Y C:ﬂ?f)n e .Salmuty.. Tem::ecr;ature
526 2 119 5.2 53,21 17.5
526 3 155 7.28 48.49 21.37
54 1 245 2.99 250 13.52
54 2 214 3.45 149.86 16.17
54 3 163 4,38 43.53 21.38
58 1 196 2,99 245.36 13.63
58 2 142 34 141.94 16.52
58 3 192 4.52 35.21 21.96




APPENDIX G

Family Representatives in the MOCNESS Collections

G-1



Table G-1. Raw number of individuals by cooling water intake structures (CWIS) station and family listed in order of descending
abundance. The raw count of eggs is given first. Taxonomic levels other than family included superclass, order, and
suborder (shaded in grey).

= fason I Sonian Nema ’;‘232 (:?268? ::::32 “;.C;"z?o 3:";'? Porcent of Tolal [X if Used in the NMDS

Myctophidae Lanternfishes 4777 4,307 5,848 5,872 20,804 34 X
Sternopiychidae Hatchetfishes and allies 2,059 1,716 2,079 1,860 7,713 13 X
Bregmacerolidae Codlets 2,345 523 1,200 440 4,508 7 X
Gonostomatidae Lightfishes and brislamouths 651 785 926 875 3,237 5 X
Clupeidae Herrings, pilchards, sardines 12 22 2,583 43 2,660 4 X
Gobiidae Gobies, gudgeons, sleepers 1,689 388 433 133 2,643 4 X
Scombridas Bonitos, mackerels, tunas 381 462 690 721 2,254 4 X
Carangidae Jacks and trevallies 333 366 591 408 1,698 3 X
Phosichthyidae Lightfishes 370 361 347 368 1,446 2 X
Paralepididae Barracudinas 355 289 466 281 1,391 2 X
Paralichthyidae Large-tooth flounders 508 146 216 228 1,098 2 X
Nomeidae Driftfishes 87 155 309 289 840 1 X
Bothidae Lefteye flounders 243 182 203 161 789 1 X
Bathylagidae Deepsea smelts 132 118 171 147 568 1 X
Melamphaidae Bigscale fishes and ridgeheads 161 134 102 130 527 1 X
Gempylidae Snake mackerels and gemfishes 106 137 110 144 497 1 X
Engraulidae Anchovies 93 49 198 37 377 1 X
Chauliodontidae Viperfishes 56 46 151 117 370 1 X
Serranidae Groupers and sea basses 155 48 83 70 356 1 X
Congridae Conger eels and garden eels 56 38 158 24 276 o] X
Labridae Wrasses 16 12 150 97 274 0 X
Scorpaenidae Scorpionfishes, rockfishes, stonefishes 123 21 70 49 263 0 X
Lutjanidae Emperors and snappers 78 59 59 55 251 0 X
Nettastomatidae Duckbills 62 40 118 18 238 0 X
Antennariidae Frogfishes and shallow anglerfishes 34 78 65 60 237 o X
Cynoglossidae Tonguefishes and tongue soles 60 23 122 30 235 Q X
Mugilidae Mullets 84 50 47 44 225 0 X
Scopelarchidae Pearleyes 98 40 44 40 222 0 X
Stomiidae Viperfishes, dragonfishes, snaggletooths, loosejaws 28 41 46 74 189 0 X
Ophidiidae Brotulas, cusk eels and allies 55 23 49 36 163 0 X
Epigonidaa Epigonids 73 36 18 12 139 0 X
Muraenidae Moray eels 24 18 52 14 108 0 X
Synodonlidae Lizardfishes, Bombay duck 370 12 28 35 445 1

Microdesmidae Wormfishas 63 43 49 8 163 0
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Table G-1. (Continued).

T faen | Celincn Narte ?,?2: (;ZZZB :’:Zgg "';%iio ;T)Z'? Percent of Total [X if Used in the NMDS
Stromateoidei Bultterfishes 5 10 22 107 144 0
Trichiuridae Cutlassfishes 15 5 93 22 135 0
Anguilliformes Freshwaler eels 3 110 19 132 0
Eleotridae Sleeperfishes 76 52 128 0
Perciformes Gl hes 16 21 44 46 127 0
Stromateidae Bulterfishes 14 37 34 30 115 0
Ariommalidae Ariommalids 23 41 22 27 113 0
Percophidae Duckbills 15 30 49 17 11 0
Callionymidae Dragonets 6 26 10 64 106 0
Sciaenidae Drums and croakers 105 105 0
Chlorophthalmidae Greeneyes 35 31 5 19 90 0
Osteichihyes Bony fishes 2 54 24 80 0
Howellidae Oceanic basslets 13 27 17 21 78 0
Polymixiidae Beardfishes 35 17 14 11 77 0
Scaridae Parrotfishes 7 6 10 52 75 0
Ophichthidae Snake eels and worm eals 31 7 32 3 73 0
Microstomalidae balhylagidae |Deepsea smelts 12 18 7 33 70 0
Moridae Morid eels, morays 3 48 5 8 64 0
Acropomatidae Acropomalids 27 14 10 10 61 Q
Chiasmodontidae Swallowers 4 9 18 28 59 Q
Telraodontidae Pufferfishes, toadas 22 17 8 9 56 0
Argentinidae Herring smelts 9 8 17 17 51 0
Lestidae 28 3 7 12 50 0
Coryphaenidae Dolphins 8 4 13 23 48 0
Macrouridae Rattails, grenadiers 6 4 18 17 45 0
Synaphobranchidae Cutthroat eals 9 7 5 23 44 0
Clupeiformes Herrings, anchovies, sardines 7 6 18 12 43 0
Gadiformes Muraenolepidids 2 16 22 40 0
Carapidae Pearlfishes ] 8 9 16 39 0
Bramidae Pomfrets 6 9 13 9 37 0
Linophrynidae Netdevils 7 12 9 8 36 0
Malacanthidae Tilefishes 10 5 4 11 30 0
Microstomatidae Deepsea smells 9 7 " 3 30 0
Bathygadidae Grenadiers, bathygadids, raltails, whiptails 1 12 8 T 28 0
Caulophrynidae Fanfins 11" 5 6 4 26 0
Priacanthidae Bigeyes and catalufas 3 5 4 14 26 0
Aulopidaa Aulopids 4 1 13 7 25 0
Bathysauridae Bathysaurids 8 12 2 3 25 0
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Table G-1. (Continued).

= Jaxar | Coasa o ??gg C;B;BQB :ngg N;ig‘;o 3-5‘2:'7 Percent of Total |X if Used in the NMDS
Cenlriscidae Razorfishes and shrimpfishes 5 6 14 25 0
Sphyraenidae Barracudas 9 4 4 8 25 0
Maringuidae Spaghelti eels 5 19 24 0
Evermannellidae Sabertooth fishes 5 8 10 23 0
Apogonidae Cardinalfishes 8 6 2 6 22 0
Ceratiidae Seadevils 8 3 5 6 22 [
Gadidae Codfishes, haddocks and allies 1 2 6 13 22 4]
Notosudidae Waryfishes 2 9 3 T 21 0
Opisthoproctidae Barreleyes and spookfishes 7 1 8 4 20 0
Slomiiformes Lightfishes and dragonfishes 17 2 1 20 0
Mullidae Goalfishes 13 1 2 1 17 0
Pomacanthidaa Angelfishes 1 2 13 16 0
Acanthuridae Surgeonfishes and tangs 1 3 11 15 0
Balistidae Triggerfishes 2 7 5 14 0
Exocoetidae Flyingfishes 5 2 5 12 0
Bleniidae Blennies 10 1 1 0
Merluciidae Hakes 1 10 11 0
Phycidae Phycid hakes 7 1 1 1 10 0
Ceralioidei Deepsea anglerfishes 4 1 4 9 0
Sparidae Breams and porgies 1 3 4 1 9 0
Stomiatoidei Lightfishes and allies 3 6 9 0
Caproidae Boarfishes 5 2 1 8 Q
Grammicolepididae Tinselfishes 8 8 Q
Mirapinnidae Hairyfishes 4 1 1 2 8 4]
Direlmidae Spinyfins 2 1 3 1 7 0
Holocentridae Squirrelfishes and soldierfishes 7 7 0
Pleuronectidae Righteye flounders 3 1 1 1 8 0
Alepisauridae Lancstfishes 3 1 1 5 0
Dussmieriidae Herrings and sardines 4 1 5 0
Echeneidae Remoras 4 1 5 0
Elopidae Tenpounders and ladyfishes 2 3 5 0
Kyphosidae Sea chubs 1 1 3 5 0
Ogcocephalidae Batfishes 4 1 5 0
Radiicephalidae Inkfishes 1 1 3 5 0
Scombrolabracidae Scombrolabracids 2 1 1 1 5 0
Caristiidae Manefishes 1 3 4 4]
Gerreidae Mojarras and silver biddies 2 2 4 0
Hemiramphidae Halfbeaks 1 2 1 4 0




59

Table G-1. (Continued).

Eggs T I S ?? zg C;i?; :ﬁgg “20;42?0 3:?;:; Percent of Total |X if Used in the NMDS
Ipnopidae Ipnopids, tripodfishes 3 1 4 Q
Lamprididae Opahs 1 3 4 0
Lophiidae Goosefishes and monkfishes 2 1 1 4 0
Rachycentridag Cobia, black kingfish 1 3 4 0
Sygnathidae Pipefishes and seahorses 3 1 4 0
Dactylopteridae Helmet gurnards and flying gurnards 1 2 3 0
Fistulariidae Cornelfishes 3 3 0
Nettastomatidae Duckbill eels 1 2 3 0
Omosudidae Omosudids 2 1 3 0
Pomatomidae Bluefish, tailors 2 1 3 0
Triglidae Gurnards and sea robins 3 3 0
Berycidae Alfoncinos 1 1 2 0
Ephippidae Spadefishes 1 1 2 0
Giganturidae Telescopefishes 1 1 2 0
Congridae Conger eels 2 2 0
Haemulidae Grunts 2 2 0
Istiophoridae Billfishes 1 1 2 0
Megalopidae Tarpons 1 1 2 0
Monacanthidae Filefishes and leatherjackets 2 2 0
Neoceratiidae Needlebeard angler 1 1 2 0
Pomacentridae Anemonefishes and damseliishes 1 1 2 0
Scombropidae Gnomefishes 2 2 0
Steindachneriidae Steindachneriids 2 2 0
Trachipteridae Ribbonfishes 2 2 [4]
Xenocongridae False moray eels 2 2 Q
Xiphiidae Swordfishes 1 1 2 0
Albulidae Bonefishes 1 1 0
Alepocephalidae Slickheads 1 1 0
Anoplogastridae Fangtooths 1 1 0
Atherinidae Grunions, silversides, topsmelts 1 1 0
Atherinopsidae Neolropical silversides 1 1 0
Aulopiformes Aulopids 1 1 0
Aulostomidae Trumpetfishes 1 1 0
Barbourisiidas Red velvet whalefish 1 1 0
Beryciformes Squir , soldierfishes 1 1 0
Chaetodontidae Butterflyfishes 1 1 0
Chlopsidae False moray eels 1 1 0

1 Q

Cyprinidae

Carps and minnows
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Table G-1. (Continued).

o daxon [ Loman Bans ?,(1:5; (;'IB:;QB Y::gg “’;g‘;o 31";:'7 Percent of Total |X if Used in the NMDS

Emmelichihyidae Rovers 1 i 0

Gaslerosleiformes Sand eels 1 1 0

Gobiesocidae Clingfishes 1 1 0

Muraenesocidae Pike eels 1 1 0

Nemichthyidae Snipe eels 1 1 0

Oneirodidae Dreamers 1 1 0

Opistognathidae Jawfishes 1 1 0

Pempheridae Sweepers 1 1 0

Saccopharyngoidae Swallowers and gulpers 1 1 Q

Scombroidei Jacks, tunas, mackerels 1 1 0

Scophthalmidae Turbots 1 1 0

Sebaslidae Rockfishes, rockcods, thornyheads 1 1 0

Slylephoridae Tube-eye 1 1 0

Tetragonuridae Squaretails 1 1 0

Triacanthodidae Spikefishes 1 1 0

Uranoscopidae Stargazers 1 1 0

Zeidae Dories 1 1 0

Total 16,376 | 11,386 | 18,764 | 13,860 60,376 100 56,596
Taxon richness 111 112 116 127 165 32

AC = Aliminos Canyon; GB = Garden Banks; VK = Viosca Knoll; MG = Mississippi Canyon; NMDS = nonmetric multidimensional scaling.




